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How to 
A Radio 


You are interested in radio and in the magic of 
radio communication. The thrill of direct two- 
way radio conversations with persons in foreign 
countries, of participating in emergency ¢dom- 
munications in time of disaster, of exploring the 
frontiers of radio development with equipment 
you build yourself — all these and more may be 
yours through the medium of amateur radio. 

You probably know that there are people 
called “radio amateurs” who talk amongst them- 
selves at all hours of the day and night. You may 
have heard them at certain settings on the dial 
of your all-wave receiver; you may have read of 
them in your daily newspaper after some flood 
or emergency in which they rendered great public 
service, 

Who are radio amateurs? What is amateur 
radio? 

Amateur radio is direct private experimental 
communication, from your own home, on ap- 
paratus you have usually built yourself, with 
other amateurs similarly equipped. 

Anyone can become an amateur — boy or girl, 
man or woman — almost regardless of previous 
training and experience. All that is required is a 
sincere desire to learn and a little effort acquiring 
the necessary knowledge. Boys of 8 and 10 have 
become amateurs —as have men of 80. They 
come from all walks of life, their sole bond the 
fascination that the amateur game affords. 

You may already know the thrill that comes 
from tuning in some distant station in a foreign 
land on an all-wave receiver But that is only a 
small part of the thrill that comes only to the 
radio amateur — the thrill not only of hearing 
foreign countries but also of throwing the switch 
on his own transmitter and talking with the 
stations he hears. 

You would like to know how these people came 
to be amateurs, how they acquired the ability 
and the equipment to get on the air and talk. You 
might like to become an amateur yourself — at, 
least you would like to know how to go about 
becoming one. 

The purpose of this booklet is to tell you, as 
simply and straightforwardly as possible, what 
amateur radio is, how one can become an ama- 
teur, how to build a simple receiver and trans- 
mitter, and how to get on the air. But first let us 
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explore some of the many possibilities amateur 
radio offers. 


Adventure! 

Each night’s operation is a new adventure into 
space. An amateur’s station —sometimes an 
elaborate affair that rivals the equipment of a big 
broadcasting station, more often an inexpensive 
outfit assembled at home in spare moments — 
becomes a modern Aladdin’s lamp. You never 
know, when you sit down to your transmitter and 
receiver for a few hours’ operation at the end of 
the day’s work, what those hours will bring. Per- 
haps, to start, a few friendly chats with neighbor- 
ing amateurs in near-by states. Some of these may 
be contacted for the first time that particular 
night; others may be amateurs who have been 
“worked” before and with whom regular sched- 
ules have been arranged once or twice a week. 
Following this there may be an opportunity to 
pass the time of day with a Virgin Islander or, 
later, a missionary afar in Africa or a weather 
observer on some faraway U. S. island in the 
Pacific. You may suddenly be asked to relay a 
message for assistance for a town even then being 
devastated by a hurricane, or have the experience, 
as many amateurs have, of exchanging signals 
with some far-off Arctic or Antarctic expedition. 


Endless Variety 

These are but a very few of the things that 
you, as an amateur, may do. The reason that 
amateur radio is often called the most satisfying 
and thrilling of all hobbies is that it offers some- 
thing for everyone. It is, to use a familiar phrase, 
“all things to all men.” 

For example: You may be a “‘tinkerer’’? — you 
may like to play around with gadgets, build them 
up, make them work. Amateur radio is the ideal 
hobby for the tinkerer who likes to go into the 
“why” of the things he builds. It offers endless 
room for experiment, an infinite variety of prob- 
lems to overcome. You may be a “rag-chewer.” 
The most enjoyment you know may come from 
getting together with a crowd of good fellows and 
talking over everything under the sun. Amateur 
radio is full of confirmed addicts of the conversa- 
tional art; indeed, there is even a ““Rag-Chewer’s 
Club,” with a membership certificate signed by 
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“The Old Sock” himself, for those who can 
qualify. 


Competition 

You may have the competitive urge. If your 
biggest kick in life comes from putting every- 
thing you've got into some sport or game that 
requires a high order of intelligence and skill, 
amateur radio will provide plenty of activities to 
test your mettle. Every day in the year thousands 
of amateurs compete to see who can relay the 
most messages; elaborate traffie nets, with trunk 
lines, field officials and comprehensive organiza- 
tion have been established by the Communica- 
tions Department of the American Radio Relay 
League. Hundreds of other amateurs compete 
with each other in working DX (distant) stations. 
DXing is actually a glorified form of fishing; it 
takes endless patience and skill, but to the true 
“fisherman” it has a zest nothing else in the 
world can equal —and it’s a sport you can in- 
dulge in any day, any season of the year. 

_Beyond these daily activities there are dozens 
of contests of various kinds held annually. The 
biggest is the Sweepstakes, engaged in by ama- 
teurs all over the United States. Field Day brings 
thousands of amateurs into the countryside with 
portable self-powered equipment. In these, as in 
the smaller contests, amateurs compete not only 
tional scale but locally. 

But all this still does not convey the whole pic- 
ture of amateur radio. If one is interested in Army 
or Navy activity, and is a member of the military 
tves, he will find himself freely encouraged to 

Join either the communications reserve of the 
U. 8. Navy or the Military Affiliate Radio Sys- 
tem, each of which conducts weekly “drills” 
over the air to train operators in the intricacies 
of military radio procedure. In the comprehensive 
field organization of the ARRL you may find 
satisfaction in an appointment as Official Ob- 

Server, a8 a sort of voluntary policeman of the 
ar, or as an Official Bulletin Station, transmitting 
the latest amateur news bulletins on regular 
schedules, or as an Official Experimental Station, 
helping solve the mysteries of the ultra-high 
frequencies, 

Nor is all of amateur radio confined to contacts 
over the air or solitary experimentation. There 
are more than 700 active radio clubs in the coun- 
try affiliated with the ARRL, and they offer pro- 
frams of wide general interest. Each year several 
divisional conventions and some dozens of “ham- 
fests” are held. Hundreds of amateurs attend 
these fraternal get-togethers, which last from 
an afternoon or evening to as much as three dz ys. 
Not only are they instructive, not only do they 
permit amateurs to meet in person those they 
have talked with over the air, but they are 
mighty good fun, as well. 


From Champions to Newsboys 
This, then, is amateur radio. That its appeal is 
universal is demonstrated by the type of people 
that pursue it. A cross-section of amateur radio 
1s a cross-section of any community. The popular 
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myth that all amateurs are “attic experimenters” 
has no basis in fact. It is true, of course, that a 
considerable number of boys and girls under 20 
do become amateurs, for it is one of the advan- 
tages of amateur radio that it is not too intricate 
or abstruse for young people of high school age 
to master. But if you, as an amateur, get on the 
air tonight or tomorrow night and contact other 
amateur stations you may find yourself talking 
with the son of a former President or a popular 
band leader or a famous radio comedian — or 
your newsboy or filling-station owner... The 
list could go on endlessly, but the point is that 
amateur radio is indeed a universal hobby, hav- 
ing an appeal to professional worker and artisan 
alike, to young as well as old. 

Amateur radio is not a spontaneous develop- 
ment. It is the result of five decades of evolution. 
For 40 years it has been guided in technical and 
operating progress, and defended against legis- 
lative threat, by its national organization, the 
American Radio Relay League. 

The League, which was founded in 1914, is 
the traditional spokesman for amateur radio. 
Numbering in its ranks a majority of the active 
licensed amateurs, it is operated as a mutual non- 
stock corporation, entirely amateur-owned and 
directed. Through a representative system of 
government, it makes the amateur body articu- 
late in representation at Washington and at inter- 
national radio conferences. Scores of times it has 
averted the threatened abolition of amateur work. 
From its headquarters at West Hartford, Conn. 
— where visitors are always welcome — where 
nearly sixty people are employed — it publishes 
the monthly journal of amateur radio, QS7, as 
well as many amateur handbooks and booklets, 
all available at low cost to help amateurs obtain 
the greatest enjoyment from their hobby. 


Licenses Essential 

It is the law that no one can operate a radio 
transmitter without a license from the United 
States Government. All forms of radio are admin- 
istered by a government agency at Washington 
called the Federal Communications Commission. 
The Commission assigns radio facilities to all 
types of radio stations — and often certain serv- 


ices feel that they require more space on the air. 


This competition, the necessity for every class of 
radio station to demonstrate that it is operated in 
the maximum of public interest, convenience and 


necessity, forees amateur radio — through the 


ARRL—to maintain a united front in order 
to preserve its rights. 

The FCC requires that every amateur station 
and operator be licensed. There are heavy penal- 
ties for operation of an unlicensed station —a 
maximum of two years in jail and a fine of 
$10,000. As you read on in this booklet you will 
learn how the necessary licenses can be acquired 
and the other requirements met. 


The Three Steps 


There are three steps involved in the process of 
becoming an amateur. The first consists of learn- 
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ing something about radio; assembling a station 
—receiver, transmitter and antenna — and 
learning the code. The second step consists of ac- 
quiring a knowledge of amateur operating prac- 
tices, customs, etc. The third is the acquiring of 
the government station and operator licenses 
which every amateur must have before his érans- 
milter can be operated and, in connection with 
this step, the study of a small amount of basic 
radio theory and radio regulations to enable the 
applicant to pass the examination given every 
amateur. 

The first two of these steps are covered com- 
pletely in the pages of this booklet. Learning the 
code requires only a relatively small amount of 
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application and mental effort, and thousands of 
amateurs have learned the code in the time- 
honored fashion we describe here. The rudiments 
of amateur customs and practices, operating pro- 
cedure, etc., are given for your information. De- 
tailed treatment of the third step is beyond the 
scope of this booklet; to cover licensing procedure 
and examination preparation thoroughly would 
perhaps double the size of this booklet. But 
manuals and texts are available on these subjects, 
and later on we will tell you what they are and 
where they may be obtained. Right now letius 
examine the short-wave portion of radio fre- 
quencies and find out where amateurs fit into the 
picture. 


The Amateur Bands 


While we may occasionally use the term short 
waves interchangeably with high frequencies (since 
they are the same), right at the start let’s get used 
to figuring mostly in terms of frequencies, since 
practically all references these days are in those 
terms. 

The range of usable radio frequencies, from 10 

kilocycles to above 30,000,000 kilocycles, is 
known as the radio spectrum. The regular broad- 
cast-band portion of the spectrum extends from 
535 to 1605 kilocycles. When we speak of high 
frequencies we refer in general terms to the terri- 
tory above the broadcast band — that is, 1600 
ke. and up. Amateurs are assigned chunks of fre- 
quencies, or bands, at various places throughout 
the spectrum above 1600 ke. 
_ Years ago there was a time when none of 
the commercial or government radio people 
thought that any of this territory was useful for 
communication purposes and, in fact, until the 
advent of vacuum tubes for transmission and re- 
ception it was not feasible to operate radio ap- 
paratus at high frequencies if any great amount 
of power was involved. So for many years the 
short-wave field slumbered on, waiting for those 
days beginning about 1923 when amateur experi- 
ments suddenly revealed that short wavelengths 
were not only useful for practical communication 
purposes but in many respects were far superior 
to the long waves previously employed in all 
commercial work. And, of course, when this was 
found to be the case, the commercial world im- 
mediately became interested in securing high- 
frequency (short-wave) assignments. Govern- 
ment stations, commercial land and ship stations, 
airplanes, police radio systems — these and many 
others, in addition to the pioneering amateurs, 
wanted their share. The result was that each type 
of service was assigned certain specific bands, 
and thereafter all operation by any particular 
service had to take place only in its own 
bands, 

It may be interesting to you to know that the 
number, location and size of these bands are de- 
cided upon at radio conferences (some national 
und some international in scope) which direct 
how much of the high-frequency territory shall 


be given to each type of service. And it is in order 
at this point to mention that the ARRL is recog- 
nized both in this country and abroad as the 
official spokesman for the amateurs of America, 
and that it has had its representatives in active 
attendance and participation in every radio con- 
ference for thirty-five years on behalf uf radio 
amateurs. 

Now, getting back to these conferences: Since, 
when it comes to the high frequencies, there is a 
demand for more “channels” than there are 
channels available, the eventual assignments of 
territory represent a compromise mutually ar- 
rived at by the various interests. 

The American amateur frequency bands are 
based upon allocations originally determined in- 
ternationally at a conference held in 1927 at 
Washington, D. C., and for the most part con- 
tinued right up to the present day even though 
many foreign countries at subsequent inter- 
national conferences have tried to whittle down 
the frequencies available to amateurs — and, in 
the case of amateur bands in their own area, such 
as Europe, have succeeded. The F'CC has always 
assigned amateurs in the United States the full 
width of every band available to the amateur 
service under international regulations. Let us 
see where these various channels are located. 


The High Frequencies 

Suppose we draw a long line to represent the 
territory above about 1600 ke. — the high fre- 
quencies. The major frequency bands assigned to 
amateurs, and an approximation of their widths, 
are shown in Fig. 1. All the spaces in between 
belong to other kinds of radio services. The fig- 
ures are in megacycles, meaning millions of cycles 
or thousands of kilocycles; thus, in the middle of 
the column, 28.0 Mc. means the same as 28,000 
kilocycles. 

You may wonder why amateurs have several 
narrow bands instead of one single band equal to 
all the narrow ones put together. That is a per- 
fectly good question and we will explain the 
reason briefly. Just as the high frequencies (short 
waves) behave differently from the lower fre- 
quencies (medium and long waves) so some of 
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Fig. 1 — The major 
amateur bunds Additional 
higher-frequency bands 


the high frequencies ex- 
hibit characteristics dif- 
ferent from others. The 
basic reason for the 
DX (distance) ability of 
all the high frequencies 
is the habit of most of 
the transmitted energy 
of shooting up into the 
air at an angle, then be- 
ing bent by refraction in 
the ionized upper atmos- 
phere and coming down 
to earth again. In tray- 
eling through the ion- 
ized region some of the 
energy of the wave is 
absorbed, and since this 
absorption is greatest for 
the lower frequencies, 
the higher-frequency 
waves can travel the 
longer distances, gen- 
erally speaking. Thus, 
the comparatively low 
frequencies of 3500- 


? 4000 ke. work best, on 


the average, for mod- 
erate distances — up to 
one or two thousand 
miles, we might say. The 
amateur band B, there- 
fore, is essentially a 
medium-distance band. 
Band C gives us satis- 


are listed in the text. factory communication 
for greater distances, 
several thousand miles 
on the average and up 
to 10,000 miles under fa- 


vorable conditions. Sig- 
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nals in band D will readily travel halfway around 
the world, as will those in bands / and F at cer- 
tain times of the year and during certain years of 
the sunspot cycle. As we go upward in frequency, 
however, the bending in the upper atmosphere be- 
comes less and less, and eventually a frequency is 
reached at which the bending is too small to 
bring the wave back to earth. Bands G and H are 
called very-high frequency bands; the sky wave 
is only occasionally useful on G and practically 
never on H. Communication on these bands and 
higher-frequency amateur channels, then, is ordi- 
narily limited to only a few times the horizon 
distance (although under certain conditions in the 
ionosphere both bands G and H may furnish 
irregular longer-distance contacts). This very 
property, though, makes it possible to do short- 
distance work without much interference. Inter- 
esting experimental work is under way in these 
bands. Additional frequencies available to ama- 
teurs, not shown in the chart for lack of space, 
are: 


26.96 — 27.23 Me. 


220— 225 Me. 
420— 450 Me. (50 watts peak antenna 
power) 
1215— 1300 Me. 
2300 — 2450 Me. 
3300 — 3500 Mc 
5650 — 5925 Me. 


10,000 — 10,500 Me. 
21,000 — 22,000 Me. 


In addition, under a rather complex sharing 
arrangement with the loran navigational service, 
amateurs may use certain portions of the band 
1800-2000 ke. If you are interested in such opera- 
tion, write ARRL Headquarters for complete 
information on the latest governing regula- 
tions. 


Learning the Code 


In all probability the first thing you will do 
will be to start building a receiver. But at the 
same time you should also start learning the 
code. If you do this, by the time the receiver is 
completed you will have enough of a start that 
you can listen in and get code practice on the air 
while the transmitter is being assembled and 
while you are “boning up” for your license 
examination. Thus by the time your transmitter 
is completed and you are ready to apply for your 
license you will probably find that the practice 
you have had with your receiver will have fully 
qualified you for the code-speed requirement in 
the amateur operator examination. 

Learning the code can be a Jot of fun, and it’s 
really easy if you approach it properly — that is, 
to think of it entirely in terms of sound. If you 
think of “dots and dashes” you’re in for trouble. 
So go about it this way: When you sce a e in the 
chart on the next page, call it a “dit” —say it 
to yourself and make it sharply and staccato, 


When you see a = call it a “dahh” — accent it 
slightly and draw it out a bit, as “daahhbh.” So 
the letter A would be pronounced “dit-dahh” — 
or, to make it sound more like the actual code 
letter when you hear it on the air, “didaahh.” It 


should have the same accent and swing as “‘to- 
day,” making the “to” very short and accenting 
“day.” When speaking other letters, remember 
to keep the “dit” short, the ‘‘dahh” longer and 
accented, Yes, we said speaking — every time 
you see the code equivalent for a letter say 7 to 
yourself, and don’t try to memorize a picture of it 
us printed. Practice saying strings of dits — 
dididididididi . . . ete.; it should sound like a 
blast from a machine gun. Then practice saying 
strings of dahhs—they should be long and 
smooth, with as short a space between them as 
your tongue can make. 

The alphabet, numerals and punctuation marks 
are shown in this chart. Learn the letters in 
some random order such as 5, T, A, R, I, 8, N, 
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A om dit-dahh 

B meee dahh-dit-dit-dit 

C mm oom o dahh-dit-dahh-dit 

D moe dahh-dit-dit 

Ee dit 

F eome dit-dit-dahh-dit 

G =e dahh-dahh-dit 

H eeee dit-dit-dit-dit 

I ee dit-dit 

Joe mem ee ee dit-dahh-dabh-dahh 

K =o = dabh-dit-dahh 

Lemmoe dit-dahhedit-dit 

M——_ dahh-dahh 

N =e dahh-dit 

O -—_ —_ dakh-dabh-dahh 

P eo memo = dit-dahh-dahh-dit 

Q me mo me dahh-dabh-dit-dahh 

R ome dit-dahh-dit 

S ece dit-dit-dit 

T= dahh 

U eo = dit-dit-dahh_ 

Veco =m dit-dit-dit-dahh 

W o = = dit-dabh-dahh 

X mee ome = dahh-dit-dit-dahh 

Yom mee ee dahhi-dit-dahh-dahh 

Z —m coo dahh-dahh-dit-dit 

1 0 = ee ee ee dit-dahh-dahh-dahh-dabh 
2 @ 0 me =o oe dit-dit-dahh-dahh-dahh 

3 0 © o =m == dit-dit-dit-dahh-dahh 

4 © 00 0 mm dit-dit-dit-dit-dahh_ 

5 eeccce dit-dit-dit-dit-dit 

6 mmcooee dahh-dit-dit-dit-dit 

7 mum coo dahh-dahh-dit-dit-dit 

8 = om a © 0 dahh-dahh-dahh-dit-dit 
S — = ams mmm © dahh-dahh-dahh-dahh-dit 
et dahh-dahh-dahh-dabh-dahh 
Period eo = © == 6 == 
Comma —_— © © == == 


Question mark 
Error 

Double dash (BT) 
Wait (AS) 


End of message (AR) 
Invitation to transmit 


Ind of work (SK) 


M, O, H, D, L, U, V, B, C, F, and then on to the 
remainder. By such a system you will soon be 
able to make up short words and even sentences 
out of the early letters, such as tare, start, rate, 
snore, etc.; practice saying these to yourself in 
didah language. As you progress, concentrate on 
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the “harder” letters like Q, Z, J, etc., and then 
practice with the numerals and punctuation 
marks. Do not use the code chart for long study; 
pick out a few letters and learn them, and then 
lay this booklet away while you practice saying 
the sounds to yourself. Or hand the book to a 
friend so he or she can name some of the letters 
and check on your answers. When you are ready, 
go back to the chart to learn a couple more let- 
ters: again, lay the booklet away while you prac- 
tice saying the new ones, mixing in plenty of the 
already-learned characters so you won’t forget 
them. Don’t hurry to read all the letters too soon. 
What you are doing is learning a type of mental 
coordination, and practice with only 8 or 10 
letters is just as good from that standpoint as 
practice with all 26. 

A very good way to develop code ability is for 
two people to learn the code together. Speak 
letters to each other, or simulate code by whis- 
tling or hissing through your teeth. Send single 
words, as soon as you know enough letters, while 
the other fellow writes down your “message.” If 
you can find someone who will help you, the two 
of you should buy a buzzer and key, hook these 
up to a couple of dry cells, and send to each other. 
Figs. 2 and 3 show how a buzzer and key should 
be hooked up. By taking turn and turn about you 
can pick up code ability rapidly. Another good 
thing about this sort of practice is that it de 
velops skill in sending, too, because the fellow 
who is receiving will be quick to criticize indis- 
tinct and uneven sending. When sending, sit 
comfortably at a table and make sure the key 
knob is far enough back so that your entire fore- 
arm can rest on the table. Grasp the knob lightly 
with your thumb and first two fingers; let the arm 
be relaxed as you work the key. 


Fig. 2— A buzzer code-practice set. 


Additional helps on studying code are con- 
tained in Learning the Radiotelegraph Code, which 
you may obtain by sending 25¢ to the American 
Radio Relay League, West Hartford, Conn. 

After a little practice along these lines, you 
should use your receiver to listen to actual signals 
being sent out by other amateurs. Most of them 
will be faster than you can copy, at first, but don’t: 
mind that. Every time you hear a letter that you 
recognize, write it down, even if it is only every 
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fifth or tenth letter. The point is to keep at it and 
make a real effort to copy every letter you pos- 
sibly can. Don’t be alarmed if you copy several 
consecutive letters and they don’t make sense — 
many amateurs use abbreviations that will be 
unintelligible to you, at first. One common such 
abbreviation is CQ — general call of inquiry used 
by an amateur seeking a contact. You will hear 
many calls on the air such as CQ CQ CQ DE 
W1ABC WIABC (or some other amateur call). 
Since’ these transmissions are usually repeated 
several times, they are some of the first things you 
will begin to read on the air. 


Two Dry Cells in series 
To ear here 


Fig.3 —Circuit of the buzzer code-practice set 
shown in Fig. 2. The "phones are connected across the 
coils of the buzzer with a condenser in series. The size of 
this condenser determines the strength of the signal in 
the "phones. Should the value shown give an excessively 
loud sigual, it may be reduced to 500 or even 250 pyfd. 


It is very important that you know, rather 
Soon in your code study, how perfectly-formed 
characters sound. Then you will have a standard 
after which you can pattern your own sending 
and “whistled” character formations. If you 
have access to a paper-tape code sending machine, 
of course, it is not only a good practice source 
but also fills the need for a standard. But the best 
means is to listen to WIAW, the Maxim Memo- 
rial headquarters station of the ARRL at New- 
ington, Conn., which transmits bulletins and code 
practice in the evenings using an automatic key- 
ing device. Transmissions are made simultane- 
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ously on 1885, 3555, 7130, 14,100, 21,020, 52,000 
and 146,000 kilocycles. If you reside within a few 
hundred miles of Connecticut, the 1885- or 3555- 
ke. frequencies will probably serve you best; at 
greater distances, 7130 and 14,100 ke. will be 
more useful. Code practice begins at 9:30 P.M. 
EST. On Sunday-Tuesday-Thursday-Saturday 
there is ten minutes of practice at each of the fol- 
lowing speeds in succession: 5, 7, 10 and 13 
words per minute; these will be the best evenings 
for lower-speed practice. On Monday-Wednes- 
day-Friday the speeds are 15, 20, 25, 30 and 35 
w.p.m. The text of practice material is taken 
from QST articles, so if you obtain QST' regu- 
larly you will have a means of checking the 
accuracy of your copy. In addition, W1AW 
transmits bulletins of general information to ama- 
teurs on the same frequencies at 8 p.m. EST each 
Sunday through Friday, and again at midnight 
EST each Monday through Saturday; when 
you build up a little speed you can use these 
bulletins for additional practice, since they are 
sent at 18 w.p.m. (Times change to EDST during 
the summer months.) 

It is probably safe to say that the majority of 
the amateurs on the air today found listening on 
their receivers one of the best means of learning 
code. So keep at it — try to get in a few minutes 
every day, rather than a full hour or two only 
once a week. Before you know it, you will be 
copying solid sentences. 

When you can consistently copy 13 words (65 
letters) a minute, you are sufficiently well 
equipped on this score to pass the government 
code-speed requirement in connection with your 
General or Conditional Class amateur operator 
license. For a Novice or Technician Class license, 
you need only pass a code test at 5 w.p.m. (See 
the later section in this booklet on ‘Licenses’. ) 
It is a good thing, of course, to learn to copy a 
little faster than 13 (or 5) words a minute before 
you take your license examination, because if you 
are like most amateurs you will get just a little 
rattled when you actually go to take your test, 
and it is wiser to be on the “far” side of the 
requirement than on the “near’’! Concentrate on 
the less frequently used words and characters, too. 


How Radio Works 


Tee radio amateur must have a reasonably 

good general knowledge of radio principles, 
not only to build and operate his equipment suc- 
cessfully but to pass the Federal license exami- 
nation. This does not mean that an engineering 
training in the subject is required; it does mean, 
however, that some time and application in ac- 
quiring an understanding of basic principles will 
be required. 

The study of a standard radio text is recom- 
mended. * The brief explanations which follow are 
intended to serve only as a preliminary to such 
study, particularly for the benefit of those with- 
out previous knowledge of radio or electricity. 


You have heard of molecules, as the smallest 
units to which any substance — wood, metal, 
water —can be broken down. These molecules 
are made of up various combinations of atoms, 
which are the basic chemical elements. Every 
substance known is made up of various combina~ 
tions of these atoms of which there are more than 
90 varieties. 

When we try to go inside the atom, in order to 


*When you first start studying, the various terms and 
ideas may well scem very strange and complex. But, as you 
plug away at it you will soon find that it all makes sense. 
Above all, don’t get discouraged. Have patjence — and 
perseverance, 
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learn what it is made of, we leave the field of solid 
physical matter and must think in terms of force. 
For atoms are made up of electrons, and electrons, 
is you might guess from their name, are nothing 
more or less than electrical charges — little bits 
or particles of energy or force. Hach atom con- 
tains a number of these electrons, together with a 
nucleus; the electrons are believed to rotate about 
the nucleus much like the planets about the sun. 
The nucleus, in turn, is made up largely of protons 
and neutrons. The protons are the opposite of 
electrons; they have a positive charge, while the 
electrons have a negative charge. There is also a 
large difference in the mass of the two — the pro- 
ton being about 1860 times heavier than the 
electron. The neutron has the same mass as the 
proton but has no charge. 


The Electric Current 

You know that when two permanent magnets 
are placed together with the north and south poles 
facing they exert a mutual attraction. Similarly, 
the positively-charged nucleus attracts the neg- 
atively-charged electrons; in many substances 
the attraction is so great that the electrons are 
rigidly held and can escape only with great 
difficulty. In other substances, however, the elec- 
trons are not so strongly attracted, and it is quite 
easy to dislodge them. If an electron is dislodged 
from an atom in such a substance, this atom in 
turn attracts a new electron from a neighbor, and 
the neighbor from its neighbor down the line, and 
so a regular chain of motion is set up. This 
motion of the electrons is called electric current, 
and it is the basis of all electricity and all radio 
theory. 

The careful reader will have noticed that only 
in some substances was it said that this move- 
ment of electrons is easy. Such substances are 
known as conductors, because they conduct elec- 
tric currents quite readily. They include most of 
the metals, especially silver, copper, aluminum 
and steel (listed in the order of their conductivity). 

Other substances have electrons so firmly fixed 
in their atoms that they are dislodged only with 
great difficulty, and little or no electric current 
can flow. Such materials are known as dielectrics 
or insulators, meaning that they can be used to 
insulate electric currents when placed between 
the conductors of those currents. Bakelite, porce- 
lain and other ceramics, wood, rubber, air — 
these are good insulators. 


Resistance 

This characteristic of nonconductivity is de- 
scribed as resistance — actually, the resistance of 
the electrons to being dislodged from the atoms. 
Certain metals have a relatively high resistance; 
a small amount of current can be made to flow in 
some nonmetals, on the other hand, and they are 
therefore not regarded as good insulators. 

In trying to force movement of electrons, or 
current flow, in poorly conductive wire the energy 
used to overcome the resistance of the wire is dis- 
sipated or used up in the form of heat. Examples 
of this are such electric appliances as toasters, 
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stoves, etc., where the heat generated by forcing 
electricity through high-resistance wire is put to 
use. In the case of an electric light bulb, on the 
other hand, not only is heat generated but the 
wire glows from the heat, like a piece of red-hot 
metal in a fire, and thus creates light. 

The measure of the resistance in any given piece 
of wire is stated in ohms. This is a term derived 
from the name of the man who first found that 
the resistance of a piece of wire was constant re- 
gardless of the amount of current flowing through 
it, and who, on this fact, established what is 
known as Ohm’s Law. This is the basic law in 
electricity. It states that one ohm is the resistance 
through which one ampere of current will pass at a 
pressure of one volt. From the way the statement 
is made it should be easy to guess that an ampere 
is the measure of the quantity or amount of elec- 
tric current (like gallons of water per minute), 
while the volt is the measure of pressure. 

Remember this expression of Ohm’s Law. You 
will use it innumerable times in your radio career. 
Expressed as a formula, using the standard 
symbols of J for current, / for volts, and FP for 
resistance, it reads: 

E 
I=— 
R 


A.C. and D.C. 

So far we have considered only one kind of elec~ 
trie current — direct current, or d.c., flowing con- 
tinuously in one direction: from negative to 
positive. 

There is another kind of current, known as 
alternating current, or a.c., in which the direction 
of the current reverses periodically. At one instant 
this current flows in one direction, at another in- 
stant in the opposite direction. Each such com- 
plete set of changes is called a cycle. The rate at 
which these changes occur is known as the fre- 
quency of the current. The polarity of ordinary 
house-lighting current reverses 120 times each 
second; its frequency is, therefore, 60 cycles per 
second. 

Alternating current obeys laws similar to those 
of direct current. It is measured in amperes and 
volts. Although the actual current and voltage at 
any instant may vary from zero to maximum, the 
effective values approximate the values for d.c- 
supplying equivalent power. These effective values 
are considered to be approximately 0.7 times the 
maximum, or peak, values. 


Inductance 


In the case of d.c., the flow of current is limited 
only by the resistance of the conductor. With 
a.c., however, the problem becomes more compli- 
cated. First of all, let us consider electromagnet- 
ism. When a current flows through a coil of wire, 
lines of magnetic force, similar to those in a per- 
manent magnet, are set up by each turn of wire. 
All of these lines of force together are called the 
magnetic field. However, we are not so much in- 
terested in the magnetic qualities of the coil as in 
their effect on the coil itself. 
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The lines of force created by each turn of wire 
also cut across other turns in the coil. In doing so 
they transfer energy to these other turns, setting 
up additional current; this is called induced 
current. The induced current flows in the opposite 
direction to the original current, building up a 
back pressure opposing the current flow. The more 
turns in the coil, the greater this induced current 
—the greater the inductance of the coil. It hap- 
pens that coils are measured by their inductance; 
the unit of measurement is the henry, commonly 
reduced to millihenrys or mh. (thousandths of a 
henry) and microhenrys or zh. (millionths). 

In the case of d.c., the induced current exists 
for only a brief moment while the magnetic field is 
building up; thereafter, the current flow is limited 
only by the resistance of the wire, With a.c., 
however, the magnetic field builds up and col- 
lapses with cach alternation. This sets up an 
intermittent retarding action which serves to 
limit the flow of a.c. by the average net value of 
the induced current. In other words, still more 
resistance to current flow, in addition to the re- 
sistance of the wire, has heen introduced; this 
special kind of resistance is called reactance. It 
affects only a.c. It is measured in ohms. The 
greater the inductance of a coil the higher the 
reactance — inductive reactance, that is, because 
it is an effect of the inductance of the coil. Induc- 
tive reactance increases in direct proportion to the 
frequency of the current, in contrast to induc- 
tance, which does not change with frequency. 

Now, having shown what happens in one coil, 
suppose we put two coils side by side. If current is 
passed in one, the magnetic field set up in it also 
cuts across the other. Induced current is set up in 
the second coil, as well. If suitable conditions 
exist, practically all the power in the first coil can 
be transferred to the second — the voltage and 
current relationships being in ratio to the number 
of turns in each coil. This coupling or transfer of 
power is called fransformer action. 


Capacitance 

Although a.c. cannot flow through a coil as 
readily as does d.c., it can apparently flow 
through an insulator where d.c. cannot. If two 
conducting plates are placed adjacent with an in- 
sulator between them and current is generated or 
set in motion along a wire connecting the two 
plates, electrons will pile up on the “negative” 
plate. This will continue until the pressure of the 
piled-up electrons equals the voltage pressure 
from the current generating source. The con- 
denser is then said to have an electrostatic charge; 
the extent of the charge, or the number of elec- 
trons which can be accumulated on the plate 
before a given voltage is reached, is determined by 
the capacitance of the condenser. Like the induct- 
ance of a coil, it does not change with frequency. 
Capacitance is measured in farads; this unit is so 
large that microfarads or pfd. (millionths of 
farads) and even micromicrofarads (uyfd.) are 
customarily used. 

So far, in considering capacitance, only the 
effect of d.c. in charging the condenser has been 
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shown. With a.c., the reversal of polarity causes 
the charge to build up and collapse with the fre- 
quency of the current. This rapidly-changing 
charging current is actually the equivalent of an 
alternating current through the condenser. Of 
course, condensers do not permit alternating cur- 
rents to flow through them with perfect ease. They 
impede an alternating current just as an induc- 
tance does. This effect is known as capacitive 
reactance, and it is the opposite of inductive re- 
actance. It decreases with an increase in fre- 
quency, being inversely proportional to frequency 
and capacitance. 


Resonance and Tuning 

We come now to a very interesting phase of the 
subject—resonance. It is resonance which enables 
tuning — the ability to select only one radio 
station from all those on the air. 

It was said that reactance changes with fre- 
quency — inductive reactance going up in value, 
capacitive reactance down, with increased fre- 
quency. With a given value of capacitance, there- 
fore, there is only one value of inductance that 
will have the same value of reactance as the con- 
denser at a given frequency. Now it happens that 
the two kinds of reactance are opposite in their 
effect upon current flow. If a coil and a condenser 
of equal reactance are connected in series with an 
alternating-current source, therefore, the two re- 
actances, being opposite in their effect, cancel out 
— and the only resistance limiting current flow is 
that of the wire. 

This is true at only one frequency, however, 
since the reactances change with frequency and in 
opposite directions. Thus that particular coil-and- 
condenser combination is resonant—a tuned 
circuit — at that one frequency. If the frequency 
is changed the current flow is again limited by 
the reactance, and the circuit will therefore 
discriminate against all other frequencies. The 
“sharpness of resonance’ — the degree of selec- 
tion between the resonant frequency and adjacent 
frequencies — depends largely on the ratio of the 
reactance to the a.c. resistance of the coil. 

All of the electrical principles discussed so far 
are involved in the operation of radio equipment. 

There is, first of all, the identification of 
“radio” with “alternating current.” The a.c. 
used as an example in explaining electrical theory 
had a frequency of 60 cycles per second — ordi- 
nary commercial house-lighting current. In some 
localities a frequency of 25 cycles is used for such 
current. Getting away from power, if we change 
sound waves in the audible range into electrical 
pulses we have a.c. ranging from perhaps 20 to 
16,000 ¢.p.s. 


Radiation 


At about this point (16,000 c.p.s.) it no longer 
becomes necessary to send current over a wire; 
instead, it can be sent through space in the form 
of electromagnetic radiation. Just what this is and 
how it works no one fully knows. It is sometimes 
explained as vibrations in a mythical substance 
called the “ether,” akin to sound waves in air, 
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You might like to think of it as an enormous 
magnetic field. . 

Anyway, if a piece of wire — an antenna — is 
supplied with a.c. power of sufficiently high fre- 
quency, it will radiate that energy into space. 
It will travel at a rate of something like 186,000 
miles per second until it has all been dissipated. 
It is convenient to visualize this energy as 
traveling in waves, and since the velocity can 
be assumed constant, the “wavelength” is the 
reciprocal of the frequency. In other words, 
radiated radio-frequency or r.f. energy (as it is 
termed to distinguish it from ordinary a.c. in 
wires) of 1,000,000 cycles per second (ordinarily 
described as 1000 kilocycles or ke., kilo meaning 
thousand) will have a wavelength of 300 meters 
(it being the habit to describe wavelengths in 
meters rather than feet). This is found by divid- 
ing 1,000,000 into 300,000,000 (the latter figure 
being the velocity in meters per second equivalent 
to 186,000 miles per second). 

The energy thus sent forth will, generally 
speaking, radiate in all directions from a simple 
antenna wire. Some of it will go along the ground, 
until it is dissipated, intercepting all receiving 
antennas in its path and inducing small bits of 
energy in each. This is the ground wave. Most of it 
will go off into space. This is the sky wave. With 
short wavelengths, this r.f. energy is often re- 
flected by an ionized layer of air in the upper 
atmosphere called the ionosphere. It thus comes 
back to earth at great distances, affording the 
extraordinary ability of the short waves to cover 
the world with little power. 

We turn now to the methods of generating and 
receiving this r.f. energy we have been talking 
about. 


Vacuum Tubes 

The heart of all modern radio-frequency gen- 
erating and receiving systems is the vacuum tube. 

We have previously discussed the effect of 
passing an electric current through the wire, or 
filament, in an ordinary light bulb; the resistance 
or friction of the wire causes it to incandesce, gen- 
erating heat and light. It also does something 
more. When the filament is sufficiently heated 
the electrons not only vibrate furiously in 
the wire but even leave it. They then cluster 
around the outside in what is known as a space 
charge. 

Now if a plate of metal which is given a posi- 
tive charge from a battery or other electrical 
source is placed in the evacuated bulb, the elec- 
trons in the space charge will stream toward this 
plate, the vacuum offering little resistance to their 
flow. This flow is actually an electric current — 
more specifically referred to as an electronic cur- 
rent because it is not in a wire — but it will flow 
only in one direction: from filament to plate. If 
a.c. is placed on the plate, therefore, current will 
flow only during that half of the cycle when the 
plate is positive. This is called rectification — the 
process of changing a.c. into pulsating d.c. by 
means of a rectifier tube. 

This characteristic of rectification may be used 
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in several ways in radio work. First of all, it may 
be used to change the 60-cycle a.c. from the power 
lines into d.c. The d.c. that comes from the 
rectifier tube will be pulsating, rising and falling 
with each cycle, but it can be smoothed out by 
running it through a filler —a combination of 
inductance and capacitance which levels off the 
hills and fills in the valleys. 


Detection 

Detection is the most important use of this rec- 
tification characteristic. It is also called demodu- 
lation. It consists of taking the r.f. signal that 
comes in over the receiving antenna and chang- 
ing it into either the audible dots and dashes of 
the telegraph code, the audio frequencies of the 
human voice, the multitudinous pulses of a tele- 
vision picture, etc. 

Thus far we have been talking of a vacuum 
tube with only two elements or electrodes. plate 
and cathode. (The cathode is the filament in cer- 
tain tubes; in others it is a metal sleeve coated 
with electron-emitting material which is in- 
directly heated by the filament.) This type is 
called a diode. There are other types which not 
only rectify but amplify, as well. 

These more complex types include an addi 
tional element or electrode called a grid. It con- 
sists of a mesh of fine wires placed between the 
cathode and plate. In effect, the grid is a valve, 
controlling the flow of electrons. If it is given a 
positive charge, it accelerates the flow and more 
electrons go to the plate—the plate current 
increases. If the grid is given a negative charge, 
however, this discourages the electron flow and 
limits the plate current. If it is sufficiently nega- 
tive practically all current flow is stopped; this 
is called cut-off. 


Amplification 

Now, suppose we have a positive d.c. voltage 
on the plate of a tube. This causes a continuous 
d.c. flow. Then, suppose we put a negative d.c. 
voltage on the grid. A certain value of grid volt- 
age will serve to cancel the influence of positive 
plate voltage, causing cut-off. Since the grid is 
nearest the filament, the voltage required on it 
will be smaller than that on the plate. The ratio 
between the grid and plate voltages required to 
produce the same effect on the plate current is 
called the amplification factor. 

Suppose, further, that instead of having d.c. 
on the grid we have a.c. As the grid voltage 
changes through each cycle the plate current 
changes simultaneously. Now, if the plate cur- 
rent is taken through a resistance or a reactance, 
this plate-current variation will set up a corre- 
sponding a.c. voltage —a voltage greater than 
the grid voltage by the amplification factor of the 
tube. Thus, where we have an a.c. grid voltage of 
perhaps 1 volt, we end up with a corresponding 
a.c. voltage in the plate circuit of perhaps 10 
volts. The signal has been amplified 10 times. 
This may be done either at r.f. — before detec- 
tion — or at a.f., after. 

It is by this means that the microscopic power 
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of a radio signal in a receiving antenna — less 
than a billionth of a watt — can be built up to 
the 5 watts or more of power delivered to the 
average loudspeaker. 

A tube having three elements — cathode, grid, 
plate —is called a triode. There are tubes called 
tetrodes in which a screen grid (sometimes called 
an accelerator grid) is inserted between grid and 
plate as an electrostatic screen. This greatly 
increases the amplification factor. Beam tubes 
also have four clements, in which the fourth elec- 
trode is used to concentrate the electron flow to 
the plate for maximum efficiency. Pentodes are 
tetrodes with still another grid, located between 
screen and plate. This third grid is called the 
suppressor grid; operated at cathode potential, or 
voltage, it further improves tube performance by 
preventing electrons from bouncing back to the 
earlier grids from the plate. 


Oscillation 
The generation of radio-frequency power is also 
accomplished by the vacuum tube, and it also 
utilizes this characteristic of amplification. Sup- 
pose that in the amplifier discussed above 
of the 10 volts in the plate circuit is put back into 
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the grid circuit — feed-back, it is called. This is 
the same as though the tube were supplying its 
own input signal, and, once started off, the tube 
will continue in this way indefinitely. This is 
called oscillation. 

To start oscillation in a tube fitted with a feed- 
back circuit, it is customary to include a grid 
leak and grid condenser in the circuit. When plate 
voltage is applied, the grid, being in the electron 
stream, collects a few of the electrons going to 
the plate. This charge is applied to the condenser, 
which then dissipates its charge through the leak 
resistance. The pulsing grid voltage thus result- 
ing is enough of an input signal to start the tube 
oscillating; given this start, it keeps going by 
itself. 

So we see how the vacuum tube is used in the 
various circuits of a radio system. First, it con- 
verts the commercial a.c. power into d.c. for plate 
voltage. Second, it is used as an oscillator to gen- 
erate r.f. power (and also as a power amplifier to 
increase that power in the larger transmitters). 
Third, it is used us a detector to convert the r.f. 
signal into intelligence. Finally, it is employed 
to amplify the weak signals into usable quanti- 
ties. 
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A Simple 


Should you build your own receiver and trans- 
mitter, or should you buy one of the manu- 
factured units now available? Every beginning 
amateur has faced that question. Despite the 
possible temptation to buy ready-made equip- 
ment, we strongly urge that you build at least 
your first transmitter and receiver — even though 
you can afford to buy the best on the market. 


Parts List for the Regenerative Receiver 


Ci, C2 — 100-pyfd. midget variable condenser (Mil- 
len 20100 or Bud MC1855) 

C3— 100-pyfd. fixed condenser (Erie Ceramicon) 

Ca — Two wires twisted together (sce text) 

Ri — 15-megohm resistor, 4 watt 

Aluminum chassis — 5” x 7” x 2” 

Aluminum panel — 6” x 7” (obtainable at any sheet 
metal shop) 

Vernier dial (National BM) 

Regeneration control knob 

Tube socket — 7-prong miniature bakelite 

Coil socket — 4 prong bakelite 

Coil forms— 1” diameter, 4-prong base (Millen 
45004 or National XR-1) 

Radio tube — Type 384 

'Phone-tip jacks, insulated type 

Headphones, 2000-ohm (such as Trimm ‘*Depend- 
able'’) 

Filament batteries (2 flashlight cells in series, 3 volts) 

B battery, 2244 volts (Eveready No. 768) 

Hook-up wire, 25-foot roll 

34” rubber grommets, }4” hole (8 needed) 

Miscellaneous 6-32 and 4-36 machine screws and 
nuts 

14-lb. roll No. 26 enamel-covered magnet wire 

Several soldering lugs 

Package of metal spacers (to support coil socket) 

If receiver is modified for bandspreading, per text, 
also a 20 pufd. midget variable condenser 
(Millen 20920 or Bud MC1850) and a knob 
for same. 


Only by actually building and testing radio ap- 
paratus can you acquire the thorough under- 
standing of radio that every good radio amateur 
should have. All the theory in the world cannot 
take the place of practical experience — and the 
only way to gain experience is to do the thing 


Fig. 4— The completed 
one-tube regenerative receiver, 
ready to operate. 
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yourself. So build your own, at least at the start. 

The little one-tube regenerative receiver that 
we are about to describe is just about as simple 
and inexpensive as it is possible to make. You 
may not want to use it as a permanent receiver 
for your amateur station — although it’s per- 
fectly useful for that purpose early in your ama- 
teur career — because since it has a minimum of 
parts it does not have very high performance. Its 
main function is to give you a little practice in 
the building of equipment, in the use of simple 
tools and a soldering iron, and further practical 
experience on how radio works — and at the same 
time ending up with a unit on which you can hear 
amateur and commercial signals and get a good 
idea of what goes on in the radio spectrum. Based 
on price lists of any of the amateur radio supply 
houses, this one-tube receiver will cost a little 
less than $15, complete with headphones and 
battery power supply. If you already have a few 
radio parts, or have a friend with a “junk box,” 
chances are that you can find at least some of the 
necessary items that way, especially the miscel- 
laneous hardware. 

Because the mechanical construction and the 
electrical wiring are so simple, it’s not necessary 
to go into lengthy description on how to build 
the receiver. The photographs show you quite 
clearly the layout of the parts, and in addition you 
can refer to the two scaled-down templates (lay- 
out patterns) for guidance in locating the various 
holes which must be drilled. No expensive array 
of tools is needed. You should have, or have access 
to, a soldering iron, some rosin-core solder, a 
screwdriver, a pair of pliers (preferably needle 
nose side cutters), a hack saw, a jackknife, a 1¢- 
inch and a 44-inch drill, and a hand drill for them. 
The %- and 14-inch drills will take care of most 
of the holes you need to drill in the chassis 
and panel, but the holes for the variable-conden- 
ser shafts, the ’phone tip jacks and the tube 
socket will have to be enlarged. If you have a 
friend with the necessary tools (larger drills), 
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drilled also through the 
front of the chassis; you 
can use the holes in the 
panel as a guide. Then 
mount the panel on the 
chassis with bolts and nuts. 
Force rubber grommets into 
the four holes where the coil 
socket will be mounted, and 
into the four holes along the 
rear of the chassis; these are 
to prevent wires from short- 
ing to the chassis. 

Using the metal sleeves 
(spacers) and long bolts, 
mount the coil socket as 
shown in the photographs, 
with the two larger pin 
holes toward the rear of the 
chassis. Now add the tuning 
condenser (C,) and the 
regeneration control con- 
denser (C,). These have 
long shafts, which may 
need to be cut off with the 
hack saw so that the tuning 
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PANEL TEMPLATE 


Fig. 5— Panel template, with dimensions for drilling the necessary holes. If 
Bud condensers are used, the two small holes each side of the larger holes will not 


be necessary. 
this can be done easily; otherwise, with a little 
patience you can ream them out yourself with the 
knife, since the aluminum is quite easily worked. 
The first step is to lay out the aluminum chassis 
and panel in accordance with the measurements 
in Figs. 5 and 7. Although it isn’t necessary, in 
the model shown we beveled off the top corners 
of the panel, both to improve appearance and to 
keep from inadvertently cutting one’s hand on 
the sharp corners; you can do the same with a 
hack saw or a borrowed tinsnips, or you can bor- 
row a file and simply round off the sharp corners. 
Mark the centers of the various holes, using the 
dimensions shown on the templates, as carefully 
as possible, and drill them. The two holes marked 
“X” on the panel template of course must be 
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knobs will not stick out too 
far from the panel. Next 
comes the tube socket, for 
which you must use the 
smaller 4-36 bolts; assemble this with the blank 
space between Pins 1 and 7 (marked on the 
socket) toward the right front corner of the 
chassis. Then come the ’phone-tip jacks; be care- 
ful about the special washer that comes with them, 
so that you keep the metal threads on the sleeves 
away from the aluminum chassis, again to prevent 
shorting. Now, using the hole 114 inch from the 
front of the chassis, bolt one soldering lug to the 
top of the chassis and another on the bottom, 
both on the same bolt; this is to furnish a common 
“ground” point on the chassis, since radio fre- 
quencies sometimes act up unless all common 
ground connections are made to the same chassis 
point. After you have mounted the two dials, 
you are just about finished with the assembly, 
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Fig. 6 — A rear view of the 
receiver, showing the place- 
ment of parts above the 
chassis. 
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Fig. 7 — Chassis tem- 
plate, with dimensions 
for drilling the necessary 
holes. Two additional 
holes are necessary in the 
front side of the chassis, 
to match those marked X 
in Fig. 5. 
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but it is a good idea to double-check and make 
sure all bolts and nuts are tight. It has probably 
taken you a couple of hours to get this far along 
with the construction, so now would be a good 
time to sit back and relax and study the diagram 
of wired connections, Fig. 9, while we explain 
very briefly how the receiver works. 

In previous paragraphs we talked about reac- 
tance and tuning. Take a few minutes now to re- 
view the previous section on “How Radio 
Works,” particularly Resonance and Tuning, 
Vacuum Tubes, Detection, and Oscillation. In this 
receiver, C; is the tuning condenser, by means of 


COMMON) CHASSIS TUBE 


SockET Ri) 


LEADS THROUGH 
GROMMETS TO 
COIL SOCKET 


‘ Fig. 8 — A view under tho chassis, showing the simple 
wiring. 


a “ 
CHASSIS TEMPLATE 
which you select the frequency at which the coil 
(Z,) and condenser are resonant—in other 
words, the frequency you want to listen on. This 
is a regenerative receiver, which means that some 
of the energy in the plate circuit is fed back to 
the grid to be amplified again and again. This is 
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Fig. 9 —A schematic diagram of the wiring of the 
simple regenerative receiver. 


accomplished by coil winding Ly. Variable con- 
denser C2 controls the amount of feed-back. As its 
shaft is turned to mesh the plates more and more, 
a point will be reached at which the receiver will 
break into oscillation; if you turn it rapidly when 
the receiver is wired and operating, you will hear 
a little “plop” as the receiver starts to regenerate. 
More on this later; first, let’s wire the unit. 

The diagram of the receiver circuit in Fig. 9 
is known as a schematic diagram. Refer to the 
photographs on pages 10 and 11 of this booklet 
for an explanation of the various symbols In 
Fig. 10 you will see that there are several elements 
in the tube, and each one is connected to a pin 
on the base of the tube. (In such texts as T'he 
Radio Amateur’s Handbook you will find whole 
pages of charts of the various tubes and their 
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DIAGRAM OF COIL 


BOTTOM VIEW OF TUBE SOCKET 


Condenser C3 
Resistor R, 


TYPE 3$4 


These are the 
two larger pins 


To Filament 
batteries 


coil-socket 
wiring, antenna-coupling scheme, and an enlarged view 
of the tube-socket connections (bottom view). If a 354 
tube is not available, a 3Q4 may be substituted. 


Fig. 10— Details of coil construction, 


socket connections.) Reference to the socket dia- 
gram of the Type 3S+ tube in Fig. 10 will show 
you what wires should be connected to the vari- 
ous terminals. If you have laid out the chassis in 
accordance with the photograph, you will find 
that the wires fit into place quite neatly. Proper 
layout is something you will want to consider in 
each piece of equipment you construct, so that 
the parts will be neatly arranged and the connec- 
tions as short as possible. 

Now, armed with your soldering iron, solder, 
hook-up wire and pliers, you are all set to com- 
mence wiring. This is a simple job, because there 
are so few connections to make. Just be sure you 
don’t slip when it comes to making the connec- 
tions to the terminals on the tube socket, and be 
sure again that you get the connections to the 
coil socket correct. Note that the diagram of the 
tube socket is a bottom view of it while, for 
convenience, the view of the coil socket is a 
top view. Use care in soldering to get good 
electrical connections. Before soldering, make sure 
the two wires or pieces of metal are clean; heat 
them thoroughly with the tip of the iron, and then 
touch the end of the solder to the joint. You will 
be surprised how little solder is necessary. Keep 
the joint hot for a moment, to burn off any excess 
rosin. Withdraw the iron carefully and hold the 
wire in position another couple of moments to 


Coil Table for the Regenerative 
Receiver 


Spacing Between 
Two Windings 
14 inch 
3% inch 


Ii lz 
25 turns 7 turns 
9 turns 4 turns 


Coil A 
Coil B 


TOP VIEW OF COIL-SOCKET CONNECTIONS 
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insure hardening without disturbing the solder. 

The wires to the batteries, coming out the back 
of the receiver through those rubber grommets, 
should be made long enough to permit easy con- 
nection to the battery terminals. The antenna 
wire should be only 6 or 8 inches long, for use as 
we shall explain later. To avoid any confusion, 
you might find it a good idea to take some small 
pieces of paper and Scotch Tape and make labels 
for each wire, so that they will be clearly and per- 
manently identified. 

The final step is to wind the coil. Refer to Fig. 
10 and the coil table carefully. The windings must 
bear the same physical and electrical arrangement 
to each other as shown in the diagram. The turns 
of each winding are “close-wound” — that, is, 
without spacing — but keep the two windings 
exactly the distance apart shown. You will find 
this construction job a little tricky, but if you use 
reasonable care you’ll make out all right. Fasten 
the wires in the coil-form pins by scraping the 
enamel insulation from the wires, extending the 
wires through the holes in the pins, and running 
some melted solder into the holes; then snip off 
the excess wire flush with the end of the pin. Be 
sure to get a good electrical and mechanical con- 
nection here by using plenty of heat from the 
soldering iron. Then, wipe the coil-form pins 
carefully to make sure any residue of rosin is 
removed, 


Using the Receiver 

Now you're ready to give the receiver a whirl. 
Probably you already have some sort of antenna 
up; if not, you can use twenty or forty feet of 
hook-up or other wire strung around the room, 
although a longer outdoor antenna will give 
much better results. Make your first test in the 
evening, since more stations are active and sig- 
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nals are usually much stronger then, Take the 
end of your antenna and the 6-inch stub of in- 
sulated wire coming from the receiver, and twist 
them together three or four turns; this in effect is 
a small condenser, and gives you capacitive cou- 
pling between your condenser and antenna — the 
more turns of the two wires around each other, 
the greater the coupling, and this is something 
you will want to experiment with since every an- 
tenna installation is different. But don’t connect 
the metal wire of your antenna to the metal wire 
of the antenna receiver lead; leave the insulation 
on both wires and just twist the two without ex- 
posing the metal (see Fig. 10). 

Insert Coil A, and plug your ’phones in the tip 
jacks. Connect the filament wires to the two 
flashlight batteries as shown, and the B battery 
as shown; make sure these connections are tight, 
or the receiver will be noisy. You might find it 
helpful to run a wire between the B-negative 
post of the battery and a good ground connec- 
tion, such as a radiator or water pipe. Now, rotate 
the regeneration condenser knob; if you listen 
carefully you should hear that “plop” we spoke 
of earlier. Another test for regeneration is to 
leave the condenser plates full meshed and 
then touch the stator (fixed plates) of the tuning 
condenser with your fingertip; you should hear a 
click in the phones when you do. If not, it means 
there is no regeneration, so check to see whether 
you have all the connections to the coil socket 
and other parts of the receiver correctly made. 
As a last resort, add a couple of turns to “tickler” 
coil Le. (You probably won’t have any trouble, 
but these are some of the remedies if you do.) 

Unless you are a very unusual type of person 
it is probable that you will have your receiver 
hooked up to the antenna and “on the air’ 
within a very few minutes after you have sol- 
dered the last connection and tested the set 


Fig. 11— The “im- 
proved"” model, show- 
ing the bandspread 
condenser replacing 
the main tuning con- 
denser, which has been 
moyed under the chas- 
sis near the coil. 
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for satisfactory operation. And it is probable, 
too, that all other activity will be suspended for 
a number of days thereafter, while you learn to 
tune the set to best advantage, find out where 
the amateur bands are, and generally have a 
good time exploring the new world that opens 
up to those who venture forth into high-fre- 
quency reception. 

Listening-in on the high frequencies is a 
revelation to people who up to that time have 
thought that most radio transmission and recep- 
tion is confined to broadcasting. A horde of 
radio signals from dozens of different types of 
services tell their story hourly to whomever will 
listen. Some stations send slowly and leisurely, 
and even the beginner can read them. Others 
race along furiously so that whole sentences 
become meaningless buzzes. There are both 
telegraph and telephone signals: press messages, 
weather reports, time signals, transocean com- 
mercial radiotelephone and telegraph messages, 
international broadcasting of voice and music, 
transmissions from government and experimen- 
tal stations, airplane dispatching, police broad- 
casts, signals from private yachts and expeditions 
exploring the uttermost parts of the earth — 
signals jam the high-frequency spectrum from 
one end to the other. And sandwiched in among 
all these services are the amateurs, hundreds of 
whose stations may be heard every night. 

You will soon become familiar not only with 
the location of the various amateur bands but 
with the fact that there is quite a bit of differ- 
ence in the type of work carried on in each band. 


~ Coil A enables you to tune from about 3500 kilo- 


cycles to about 7500 kilocycles, thus covering 
both the 80- and 40-meter amateur bands as 
well as the space in between. As you rotate the 
tuning dial slowly, you will hear various kinds of 
signals. With the tuning condenser plates set so 
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that they are almost completely meshed (full 
capacitance), the receiver tuning will be in the 
vicinity of 3500 ke. The 80- meter amateur band 
extends from 3500 to 4000 ke. On the lower por- 
tion of this band you will find e.w. (code) stations, 
and to receive them you want the regeneration 
control in the oscillating position so you get a 
whistle or beat note. Above 3750 or 3800 ke. and 
up to 4000 ke. you will hear amateur voice or 
*phone stations; to receive these, the regeneration 
condenser should be unmeshed just enough to 
take the receiver out of oscillation. From 4000 to 
7000 ke., that is, through most of the center sec- 
tion of the tuning dial, you will find various types 
of commercial stations. In the United States, only 
amateur code stations may operate in the lower 
portion of the 40-meter band (7000 to 7300 ke.) 
while voice operation is permitted above 7200 ke. 
Other countries have different regulations, and so 
you may hear foreign short-wave broadcast sta- 
tions. Later, you will probably want to wind 
Coil B and look for the 20-meter amateur band 
plus other signals in that portion of the spectrum, 
upwards of 7000 ke. 

Soon you will have a pretty good idea of the 
performance of the receiver. You will find that it 
“blocks” or overloads with extremely strong sig- 
nals (such as those of an amateur living nearby), 
and that sometimes it is hard to separate stations 
in crowded bands, since it is not too selective. 
However, it is a perfectly useful receiver for an 
amateur station, as we have demonstrated by 
using this very unit, plus the little transmitter 
to be described in the next section, in an amateur 
station — and very successfully, too. 

Tf you decide to use this receiver extensively 
as a station receiver, you will find two rather 
simple changes improve its usefulness consider- 
ably. The first is to add an on-off switch, snap or 
toggle type, to disconnect the B battery during 
periods of transmitting; this can be mounted any- 
where on the front panel, and wired between the 
B-negative lead to the battery and the soldering 
lug which is the common chassis connection. (Of 
course, when you are through with the receiver 
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for the day, be sure to disconnect the filament 
batteries or they will run down rapidly.) The 
second improvement is the addition of a second 
tuning condenser of smaller capacity, as a band- 
spread device for ease of tuning. Mor this, buy 
another variable condenser like the tio you have, 
but of only 20 yufd. capacitance (such as Millen 
No. 20920). Remove the present tuning conden- 
ser, and put the smaller one inits place. Then take 
the original tuning condenser and mount it on the 
left rear of the chassis, as shown in Fig. 11. Runa 
wire from the shaft (movable plates) connection 
to the common chassis point, and run another 
wire from the stator (fixed plates) to the point on 
the coil socket which is the end of coil Z; going 
to the little fixed grid condenser, C3. Thus you 
have wired the original tuning condenser and the 
new, smaller one in parallel, so that they work to- 
gether. Get a small pointer knob for the big tun- 
ing condenser. Now, you will find that you can 
set the main tuning condenser, on the back of the 
chassis, at any point and the smaller tuning con- 
denser now controlled by the big dial will permit 
you to tune much more slowly over a small por- 
tion of the spectrum. In this way you will find 
that the amateur 80-meter band will spread itself 
over the entire dial — in fact, it will be necessary 
to have two different settings for the main con- 
denser (on the chassis) to permit covering the 
entire band in two sections. As a final adjustment, 
you will need to remove 3 turns from the grid end 
(top) of coil winding Z;, so that your receiver 
will cover approximately the same tuning range 
as it did before modification; in other words, make 
it a total of 22 turns instead of the original 25, 
You will find that this receiver modification is a 
particular improvement in tuning the 7000-ke. 
band, since it spreads the frequencies over a num- 
ber of dial divisions whereas in the basie receiver 
design only a couple of dial divisions include the 
entire band. After you find the right settings, 
make small pencil marks on the chassis so that 
you can reset the main tuning condenser knob 
to the same point each time you want to listen 
on a particular range. 


Interpreting What You Hear 


Now that you have finished building your 
receiver, mastered its operation, and experienced 
that indescribable thrill of receiving signals over 
a product of your own hands, you will most 
likely want to get down to the serious business of 
copying amateur radio telegraph stations in order 
that you may acquire speed and proficiency in 
reception. 

Call signs are quite readily identifiable, since 
they are usually repeated several times, so it is 
probable that they will be the first symbols you 
can recognize from the jumble of dits and dahs 
emitting from your receiver headphones. 

By confining your more serious listening to the 
3500-ke. amateur band, as we suggest you do, 
practically all of the stations you hear will be in 
the United States. All amateur calls within the 


United States boundaries consist of the prefix W 
or K, followed by a figure (1 to §) and then ‘a 
combination of two or three letters. Such calls 
might be WIAW, W3IEM, W6TI, W9LFK or 
WOKYX. Novice call signs have the prefix 
WN or KN and you will hear such stations in the 
portion of the band 3700-3750 ke. The U.S. is 
divided into ten call areas for licensing purposes 
and from the number in the call you will be able 
to tell the general area of the country in which the 
station is located (see map, Fig. 12). Although un- 
likely on the 3500-ke. band, you may hear foreign 
stations signing prefixes such as G (Wngland), I 
(France), XI2 (Mexico) and of course our Cana- 
dian neighbors, VI. When one station calls an- 
other it sends the call of the station being called 
several times, then the letters “de” (meaning 
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“from” in French, and agreed upon interna- 
tionally as the sign to separate the call of the 
calling station from the call of the station being 
called) and then its own call repeated a number 
of times. If you hear this on the air — W2KH 
W2KH W2kKH DE WIAW WIAW WI1AW — 
it means that W1AW is calling W2KH. Many 
times what you hear will be like this: CQ CQ CQ 
DE W2AEN W2AEN W2AEN. “CQ” is a gen- 
eral call to any station which may want to talk 
with the station doing the calling, and in the case 
we have cited means that W2AIN is indicating 
that he is ready to talk with anybody and will 
answer any station he may hear. 

When you first start “copying” stations you 
may become confused in trying to interpret what 
is being sent. Don’t worry — what you are put- 
ting down on paper may be abbreviations used 
by radiotelegraph operators to save time while 
talking with each other. Over the years a large 
number of these have become standardized 
through common usage. For your information, 
we list some of the more common abbreviations 
in use on the ham bands; 


ABT About 

AGN Again 

AMP Ampere 

ANI Any 

BCNU I'll be seeing you 
BK Break 

BTR Better 

CRD Card 

CUD Could 

CUL See you later 
DX Distance 

ES “ge 

YB Fine business, excellent 
FM From 

FR For 

GA Go ahead, good afternoon 
GE Gocd evening 
GG Going 

GM Good morning 
GN Good night 
GUD Good 

HAM Amateur 

HI Laughter 

HR Hear, here 

HRD Heard 

HV Have 

HW How 

NIL Nothing 

NR Number, near 
NW Now 

OB Old Boy 

OM Old Man (all male amateurs ore “OMs" 


regardless of age!) 
OP Operator 


Ow (Old Woman) A married woinan operator, 
sometimes called “X YL" 

PSE Please 

RCVR Receiver 


Fig. 12 — Amateur call areas in the United States. 

SED, SEZ Said, says 

SKED Schedule 

SRI Sorry 

TKS, TNX Thanks 

ase That 

TU Thank you 

U, UR You, your, you're 

VY Very 

WL Well 

Wx Weather 

XMTR ‘Transmitter 

YL (Young lady) An unmarried woman or girl 
operator 

73 Best regards 


Another group of abbreviations used by radio 
amateurs is the internationally-recognized “Q” 
signals. The “Q” signals constitute a handy way 
for amateurs — or any class of radio station — to 
exchange certain kinds of information without 
having to spell out long sentences. In addition, 
whatever the language be, “Q” signals have the 
same meaning; therefore they are a helpful way 
of exchanging information between two opera- 
tors of different nationalities who do not speak 
each other’s language. A French amateur sends 
“QTH?” and the American amateur he is in 
contact with knows he is asking for his address 
and replies “QTH 17 Pine Street, Podunk Hol- 
low, Nebraska,” or whatever it may be. A partial 
list of “Q” signals appears in the appendix of 
this booklet. 

One of the first adjuncts to your “shack” 
should be a callbook, so that you can locate the 
stations whose calls you hear over the air. The 
ARRL does not publish an amateur callbook but 
an excellent one is available known as The Radio 
Amateur Callbook Magazine. It gives the calls of 
all United States and foreign amateur stations 
and should be on every operating table. It may be 
secured for $3.00 postpaid from the publishers 
(The Radio Amateur Callbook Magazine, 608 
South Dearborn St., Chicago, Ill.). 


A Simple Transmitter 


Now that you are well “organized” for listen- 
ing on the amateur bands, and are preparing for 
an amateur license, you are ready to begin think- 
ing about a transmitter with which you can 
converse with fellow radio amateurs. In the case 
of a receiver the decision of whether to build or 
to buy often results in the purchase of a ready- 
built receiver. In the transmitter field, however, 


the picture is just the opposite — nearly every 
amateur station uses a home-built transmitter. 
The problem of whether to build or buy is much 
easier to decide when we discuss transmitters, 
because a transmitter can grow, like Topsy. That 
is, you can start off with a low-powered oscillator, 
and add higher-powered amplifiers as your skills 
and finances permit. So, about the only decision 
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necessary is that of how simple, or how elaborate, 
you want your first transmitter to be. As in the 
case of the receiver, we recommend that you 
build a very simple one to start with —it keeps 
your initial outlay of cash small, you get a good 
deal of experience in construction and practical 
operation, and the components can be used again 
in later transmitter designs you may decide to 
build. 

What we are going to describe now is a very 
inexpensive crystal-controlled transmitter of one 
tube. First of all, what do we mean by a “crystal- 
controlled” transmitter? Basically, a transmitter 
is simply a vacuum-tube oscillator designed to 
deliver radio frequency power to a radiating 
antenna. You'll remember in the section on “How 
Radio Works” that we discussed resonance of 
tuned circuits. With coil and condenser combina- 
tions of the proper sizes we can tune to various 
frequencies. That’s just how we tune our simple 
receiver (or any receiver, for that matter) — by 
adjusting the capacity of a variable condenser 
which is connected across a coil. We could use 
this same method to control the frequency of a 
transmitter oscillator, and many amateur trans- 
mitters are so constructed. However, rather 
elaborate precautions are necessary to keep the 
signal clean and free from “chirps” or other signs 
of instability. For a beginner, there is a simpler 
and safer way to control transmitter frequency, 
and that is by means of a quartz crystal. By using 
crystal control it is far easier to achieve a clean, 
stable signal. The crystals used in amateur trans- 
mitters are thin wafers of quartz mounted be- 
tween two metal plates. A crystal has the prop- 
erty of vibrating at some frequency, determined 
by the size of the quartz plate, when a voltage is 
applied to it. This is known as the piezo-electric 
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effect. The quartz crystal takes the place of a coil 
and condenser combination, and as a result the 
transmitter will operate on only one frequency. 
In order to operate on more than one frequency 
in the same band it would be necessary to have 
more than one crystal. But, by using crystal con- 
trol, you can be fairly certain that the stability 
of your transmitter satisfies FCC requirements. 

This one-tube transmitter is designed to oper- 
ate in the 80- and 40-meter amateur bands, using 
but a single 80-meter crystal for operation in both 
bands. Operation on the 40-meter band is ac- 
complished by “doubling”, meaning that the 
transmitter is adjusted so that the output fre- 
quency is twice, or “double,” the crystal fre- 
quency. Thus, since the telegraph band extends 
from 7000 to 7200 ke., you should use an 80-meter 
crystal whose frequency lies between 3500 and 
3600 ke. (half of 7000 and 7200, respectively). It 
would actually be better if you bought a crystal 
somewhere between 3505 and 3595 kc., thereby 
allowing yourself a margin of safety. However, if 
your aim is for a Novice Class license (see later 
discussion under “Licenses’’) you will want to get 
a crystal for one of the 80-meter band frequencies 
open to Novice operation — that is, between 
3700 and 3750 ke.; you could use this only on the 
one band, of course. For 40-meter Novice opera- 
tion, you will need a separate crystal since these 
two Novice bands are not “harmonically-re- 
lated” (even multiples) and the “doubling” 
system will not work out to locate you in the 
Novice frequencies 7175-7200 ke. 

Reference to the photographs will show you 
how simple this little transmitter is. To minimize 
the tools required, a simple chassis of wood is 
built. To be really fancy you can finish it with 


Fig. 13— A close- 
up of the simple trans- 
mitter, showing details 
of construction. 
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clear lacquer or dip it in hot paraffin. This might 
help its electrical efficiency a bit, but isn’t essen- 
tial. Two 134 X 93-inch strips of 14-inch-thick 
wood are fastened with screws to two 44x 
21% x %-inch end pieces, leaving enough separa- 
tion (about 1 inch) between the strips to fasten 
the octal sockets used for the crystal and the 
tube. Wood screws can be used to mount the 
sockets, or they can be bolted to the wood strips 
with 6-32 machine screws. The key of the tube 
socket (the key is the little indentation in the 
round hole through the center of the socket) 
should be mounted toward the front of the trans- 
mitter, for convenience in wiring the plate circuit 
to the tuning condenser. The tuning condenser 
(C,) may not have a long-enough mounting shank 
(threaded bushing) on it, in which case it will be 
necessary to first drill a clearance hole for the 
shank and then dig away — or counterbore — 
clearance for the nut. The two Fahnestock clips 
for the antenna are secured under two of the 
screws used for fastening the wood strips to the 
right-hand end piece, and the other two clips used 
for the key leads are held down by machine screws 
on the left-hand end piece. The r.f. choke (RFC) 
is held in place on the left-hand end piece by a 
machine screw. The four wires used for a power 
cable are brought out at the rear left under the 
wood strip — a half-round hole being filed or cut 
with a knife to clear the wires. 

The plate coil (Z2) and antenna coil (Zs) are 
held in place on three small sticks set in the top 
of the chassis — penny suckers are a good source 
for these sticks! Drill holes a hair larger than the 
sticks, and then glue them in; if you don’t have a 
drill large enough, whittle the end of the stick to 
fit the drill you do have. The plate coil connects, 
at the bottom, to a brass machine screw soldered 
to a lug which in turn is soldered to the stator 
terminal of the tuning condenser, and the screw 


Parts List for Simple Transmitter 

Ci — 470-pyfd. mica condenser 

C2, Cs — 0.01-nfd. 600-volt paper condenser 

C4 — 140-yufd. variable condenser (Bud MC1876) 

Ri — 0.1-megohm 1-watt composition resistor 

Li —5 turns No. 18 d.c.c. (bell wire), 14-inch 
inside diameter 

Le — 3.5 Mc.’ 19 turns. 7 Mc.; 12 turns (see text 
for method of winding) 

Ls — 3.5 Mc.: 13 turns. 7 Me.: 6 turns (requires 
expcriment to get exact number of turns 
needed) 

RFC — R.f. choke, 2.5 mh. (National R-100U) 

Type 6V6 tube 

2 octal bakelite sockets 

1 40-foot roll of bell wire 

4 Fahnestock clips, 34 inch 

3 thin dowels (lollipop sticks), 4 inches long. 

1 knob for tuning condenser. 

1 quartz crystal — see text for choice of frequency 
(Peterson, Bliley, etc.) 

1 old tube base (for power plug) 

3 pieces of wood for chassis (see text for sizes) 

1 radiotelegraph key 

Soldering lugs and miscellaneous small hardware 
such as wood screws, 6-32 machine screws 
and nuts, 
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is built up most of its length by adding nuts or 
small spacers to it. The screen (B+) end of the coil, 
the top end of the winding, is fastened to a brass 
screw that runs through the rear wood strip. The 
coil ends have lugs soldered to them to facilitate 
band-changing, but this refinement isn’t abso- 
lutely necessary. The antenna-coil ends are con- 
nected by fastening their lugs to two brass screws 
supported by short lengths of heavy wire (an- 
tenna wire, for example), the wire being soldered 
to the Fahnestock clips and to the heads of the 
screws. 


¢ Cabling 


> These numbers refer 
to pins on power plug 
/ (oid octal tube basé) 


Fig. 14— Schematic diagram of the wiring of the 
little transmitter. 


Wiring the little transmitter isn’t much of a 
job. See ig. 14 for the circuit diagram. As can be 
seen from the photographs, the wiring is done 
with the same wire that is used for the coils, 
because a single 50-foot roll of No. 18 bell wire, 
available in any five-and-ten or hardware store, 
suffices for the whole rig with some to spare. To 
ensure good electrical contact, the wire is soldered 
at every connection, which means that the wire is 
soldered to the heads of the brass machine screws 
used for the key leads and the screen end of Ly 
before the screws are put in place. One key lead, 
one end of R, the outer foil (usually marked 
“sround”) connections on Cz and C3, and the 
lead to the negative side of the power supply 
are all connected to Pin 1 of the tube socket. At 
the crystal socket, two adjacent pins (for ex- 
ample, 1 and 8) are bonded together for the grid 
side of the crystal and the next two pins (2 and 3) 
are bonded together for the cathode side. This 
permits plugging the crystal into cither Pins 8 
and 2 or 1 and 3. 

The coil in the cathode circuit (2), consisting 
of 5 turns of No 18 bell wire, is wound on a 
14-inch diameter form and then removed and 
tied with string at a number of places. One might 
think that the coil would fall apart when it is 
removed from the form, but the wax on the in- 
sulation of the wire helps to hold it until a few 
pieces of string have been tied in place. The 
cathode coil is mounted by its leads only but, 
being short, they offer adequate support. 

The plate and antenna coils are wound in a 
simple fashion that was popular in the early days 
of ham radio and that is still practical for anyone 
trying to save on coil forms. Laboratory tests 
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show that these coils have good characteristics, 
and so you need have no qualms about using this 
type of coil construction. They are wound by 
equally spacing seven nails on a 2-inch diameter 
circle, driving the nails completely through the 
board used so that the heads are flush against 
the board. See Fig. 16. Small spikes can be used, 
or nails of the “S-penny” size will be satisfactory 


COIL WINDING INSTRUCTIONS 


Wire wrapped arounda 
nailat start and tinish 
of coil in order to hold it 
in place until tied with 
string | 


7 nails spaced 
equally on & 


Bell wire 


2- inch diameter 
weaving back. circle 
ond forth be- 
tween the 


nails 


Wren coil is completed. 
Secure it with string at these 
cross-over points 


Fig. 16— Method of winding coils for the simple 
transmitter, 
if a thin board is used. One end of the wire is 
secured to a nail and the wire is threaded over 
alternate nails, May pole fashion, so that the coil 
repeats itself every two turns. When the required 
number of turns has been made, the end of the 
wire is wrapped around a nail and the coil tied 
together with string at the seven cross-over 
points. The result is an inexpensive coil having 
fair mechanical properties and good electrical 
ones, and it is difficult to build one any more 
cheaply. Soldering lugs are soldered to the ends 
of the coil for ease in changing bands, though this 
isn’t absolutely necessary, as mentioned earlier. 
If you don’t use lugs, simply wrap the bared end 
of each wire around the appropriate machine 
screw and fasten with a nut. 
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CRYSTAL 
SOCKET: 


Fig. 15 — Showing 
the mounting of parts 
underneath the “chas- 
sis.”" 


The four wires coming out the side of the 
chassis that go to the power supply are twisted 
together slightly and cabled with string to form 
a neat cable. For convenience they should be 
labeled for identification using small tabs of 
paper and Scotch tape. These wires run to an old 
tube base which plugs into the power socket in 
the power supply. Get yourself an old octal-base 
glass tube (any radio service shop has some 
burned-out tubes of this description), and remove 
the glass and the cement. Watch out for your 
eyes in breaking the glass — the best way is to 
enclose the tube in a rag and hit it with a ham- 
mer. Clean out the pins with your soldering 
iron, removing all the solder and wires already 
in the pins. Then connect the wires from the 
transmitter to the appropriate pins in this power 
plug that you have just made for yourself. See 
Vig. 14 for the correct pin connections. 

Building the power supply is even easier. You 
could use several B-batteries, but they would run 
down quite rapidly, so a much better source of 
power for a transmitter is one which takes the 
regular a.c. voltage in your house, steps it up 
through a transformer (7, Fig. 17) converts it 
into direct current through a rectifier tube, and 
then “purifies” it by means of a filter choke 
(Z;) and two filter condensers (Cj, C2). This pure 
direct, current is necessary for your plate power 
supply to ensure a clean, sharp signal. The fila- 


Parts List for Simple Transmitter 
Power Supply 
T: — Power transformer, 350 volts each side of 
center tap, 70-ma. (Thordarson TS-24R02) 
Li — Filter choke, 12 henrys, 80 ma. (Thordarson 
T-20C53) 


Ci, C2 — 8-zfd. 450-volt electrolytic condensers 
Ri — 25,000 ohms, 25 watts 

5Y@ rectifier tube 

3 pieces of wood for chassis (see text for sizes) 
2 bakelite octal sockets 

1 male plug for 115-volt supply 

Miscellancous wood screws, etc. 
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USVAC, 
BLACK 


YELLOW 


Fig. 17 — Circuit diagram of the power supply. 


ment voltage can be a.c., so that is taken from a 
small winding on the transformer. 

In this power supply, the same style of con- 
struction as in the transmitter is used. The pho- 
tographs (Tig. 18) will show you the general 
layout of parts. Two 10 X 14% X 34-inch pieces 
of wood form the top of the chassis, with two 
pieces 45g X 114 X 34-inch for the ends. Hight 
flathead wood screws 1)4-inch long are used to 
fasten the pieces of wood together, while round- 
head woodscrews 14-inch long hold down the 
sockets and the filter choke. The power trans- 
former is held in place by means of two round- 
head woodscrews 2 inches long. The lead going to 
the 115-volt a.c. line is passed through 
a Y4-inch hole drilled through the end 
piece directly below the power trans- 
former. The socket at the opposite end 
from the power transformer is for the 
power plug from the transmitter. It 
would be quite possible to use Pahne- 
stock clips instead of this socket, and 
such an arrangement would be a little 
easier mechanically, but it would be 
nowhere near as safe, since the high- 
voltage would be exposed. Even 
though this is not a high-powered 
transmitter, it does use about 350 
volts. That can easily be lethal, so use 
the greatest care and respect when 
working with it. Remember, too, that 
the same voltage exists at certain 
points on the transmitter. 

See the schematic of Fig. 17 for the 
wiring diagram of the power supply. 
There are only about a dozen connec- 
tions, and no coils or adjustments to be 
made, so youshould have no difficulty. 

Okay — now to see if your little 
transmitter works. Double-check the 
wiring, and then connect the 7-Mc. 
plate coil in place. Plug in the crystal 
(making sure its pins hit the right 
holes) and the tube, insert the power 
plug in the power supply, and connect 
a key or switch to the key clips on the 
side of the transmitter. Set the plate 
tuning condenser, C4, at about 40 per 
cent meshed and turn on the power. 
When the tube has had time to warm 
up —about 30 seconds—close the 
key and touch a neon bulb to the plate 
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posts with the 6-turn antenna coil 
in place. If C, is set properly, 
the neon bulb will glow or the 
lamp will light. If this doesn’t 
happen, try tuning the plate con- 
denser until signs of output be- 
come apparent. The transmitter 
can then be checked on the 3.5- 
Mc. band by putting in the proper 
coils. Don’t forget, however, that 
you're dealing with electricity, 
which can be lethal. Turn off that 
power supply and discharge the filter condensers 
by closing the key for a second or tio. In other 
words, don’t stick your hand in your transmitler 
when the power supply is on. 

It is, of course, impossible to specify a trans- 
mitting antenna that will suit everyone’s loca- 
tion. First of all, a transmitting antenna should 
not be a haphazard length of wire like that used 
on your receiver. It must be rather carefully cut 
to a length which is determined by the frequency 
on which you will operate, and the manner in 
which the radiating portion of the antenna is 
fed from the transmitter requires consideration. 
The subject of antennas is a fascinating one, and 


Pinson 


end of Z2. Or a small 10-watt electric 


Fig. 18 — Top and bottom views of the power supply for the simple 
lamp can be connected to the antenna ee 


transmitter. 
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100-foot open- 
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the construction of a good antenna system really 
pays off in increased station efficiency. Fig. 19 
shows some simple antenna systems which will 
enable you to get on the air. Connect a flashlight 
bulb between the end of one antenna “feeder” 
wire and its clip on the transmitter. This routes 
the antenna current through the bulb so you can 
make adjustments of tuning, spacing between L» 
and Z;, and the number of turns on Ly, to get 
the brightest light. If you get no indication of 
current, you may have to put a 100-zufd. variable 
condenser in parallel with (across) the antenna 
terminal clips —or in series (between one feed 
line and its clip) — to hit resonance. 

Tf room for only a short length of wire is avail- 
able for the antenna, say 40 or 50 feet, it is best 


135 feet 


(0) 
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Fiy. 19— These are suggested 
antennas for use with the simple 
transmitter. The wire used should 
be about No. 14 enameled copper. 
An “open wire” feed line is one in 


aah ; . ; 
Rete which the two wires of the line are 
twin-lead. separated by insulated spacers 4 or 


(8) 


6 inches long. In (a) and (b) one 
side of the feed line connects to the 
antenna proper, while the other side 
terminates in no connection at all. 
This is known as a “Zepp" an- 
tenna, In (c) and (d) the antenna is 
cut in the center and held together 
by another antenna insulator; the 
feed lines connect to each side. The 
Twin-Lead feed line shown in (b) 
and (d) is very convenient. Rope 
halyards can be used to support the 
antenna between a couple of houses 
or trees. In general, the higher the 
antenna above the ground, the bet- 
ter it will radiate. 


67/2 feet 


to connect its end to one antenna post and a good 
ground to the other. Here again some experimen- 
tation will be necessary to determine the optimum 
size of Ls. 

Going back for a moment to this business of 
testing your transmitter, don’t connect it to an 
antenna unless you have your amateur license. 
There are severe penalties for putting a signal 
on the air without a license. If you build a trans- 
mitter before your license comes through, use 
that 10-watt lamp as a load for your transmitter. 
A lamp connected across the antenna coil in that 
fashion is known as a “dummy antenna,” and 
should always be used when you wish to test a 
transmitter without causing interference to other 
stations. 


More Advanced Equipment for the Beginner 


The limitations of the regenerative receiver and 
the one-tube transmitter have been discussed 
earlier. It has been said that it will probably not 
be long before you will be looking toward equip- 
ment with better performance and operating con- 
veniences. One of the things that makes amateur 
radio the intriguing hobby that it is, is that there 


are always new horizons to look to — in equip- 
ment as well as in operating. 

While a simple regenerative receiver will permit 
you to get on the air at a minimum of cost and 
time devoted to construction, most of today’s 
amateurs use receivers of the superheterodyne 
type. The performances of the two types can 


Fig. 20 — This 
equipment will 
cost a little more 
and take some- 
what longer to 
build, but its 
performance will 
be greatly su- 
perior to that of 
the units previ- 
ously described. 
A four-tube su- 
perhet receiver is 
to the left and an 
oscillator-ampli- 
fier transmitter 
to the right. Each 
has its own at- 
tached power 
supply at the 
rear. 


| 
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hardly be compared. Signal strength, stability 
(steadiness of frequency) and selectivity (ability 
to separate signals near the same frequency) will 
be much superior with the superhet, and the 
critical adjustments associated with the regenera- 
tive receiver are climinated. 
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In the same way, while results satisfactory for 
low-power work are readily obtained with a sin 
gle-tube transmitter, it is possible to secure 
greater output and to strike a better balance be- 
tween simplicity and cost in proportion to power 
by the addition of a simple amplifier. 


A Four-Tube Superhet Receiver 


Perhaps the word ‘‘superheterodyne” sounds 
ominous and seems to imply great complexity. 
This impression should be dispelled at once. Ac- 
tually, a simple superhet is no more than a group- 
ing of several circuits, each one of which is no 
more difficult to understand than the regenera- 
tive-receiver circuit, while the adjustment for 
satisfactory operation usually is much easier. Al- 
most anyone capable of mastering the regenera- 
tive receiver should have little difficulty with the 
superhet shown in Figs. 21, 23 and 24. The cost 
will be greater — approximately $45.00 exclusive 
of power supply and headphones if all compo- 
nents are purchased new — and it will take a 
little longer to build. But it should take less time 
and experience to adjust. 


The Superhet Circuit 


The circuit is shown in Fig. 22. Note how the 
different sections are labelled, and digest them 
one at a time. The converter section — from Ly to 
T, —is the important part. It serves to convert 
the frequency of the incoming signal to another 
frequency before it is amplified. The signal from 
the antenna is fed through the wave trap (which 
will be explained later) to the antenna coupling 
coil, LZ, Ly serves to transfer the signal to the 
input circuit of the converter. The input circuit 
consists of Lz and C2, It is tuned to the frequency 
of the incoming signal by C2. The signal is applied 
to the control grid (Pin 8) of the 6SB7Y. 


Fig 24— A four- 
tube superhet receiver 
covering the 3.5-, 7- 
and 14-Mc. bands as 
well as spots in the 
commercial point-to- 
point and short-wave 
broadcast bands with 
only two pnirs of coils. 


C3, Cs, Ly and Ls are the essentials of a high- 
frequency oscillator circuit. The screen of the 
6SB7Y serves as the “plate” in this oscillator cir- 
cuit. Although arranged somewhat differently, its 
resemblance to the regenerative-detector circuit 
may be recognized. The difference here is that 
the circuit oscillates strongly all of the time 
without the necessity for critical adjustment. The 
oscillator signal combines with the antenna signal 
in the 6SB7Y to produce in the plate circuit a sig- 
nal whose characteristics are the same as those of 
the original signal except that the frequency has 
been changed. This new frequency is called the 
intermediate frequency (i.f.). The signal is now 
fed to an amplifier tuned to the new frequency. 7’, 
and 7’. are tuned permanently to the if. Since all 
incoming signals will be converted to this same 
if., there is no need to retune the i.f. amplifier 
after it has been set initially. The gain or ampli- 
fication in the i.f. amplifier (and thereby the 
signal volume) may be varied by 5. 

Now we have a signal at the output of 7’, that 
looks exactly like the signal coming from the an- 
tenna except that it is at a different frequency. 
So it must now be passed to a detector. Since the 
signal has been amplified by other means, re- 
generation is not needed. The signal is detected 
by the simple diode-rectifier section of the 6SQ7, 
The rectified signal appears across the resistor Ro. 
A modulated signal is now at audio frequency. 
and it could be heard if the headphones were con- 
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nected across this resistor. However, the signal 
will be much louder if it is amplified in an audio- 
frequency amplifier. Therefore, the signal across 
Rg is fed to the grid of the first section of a dual- 
triode audio-amplifier tube. The signal output 
from the first section is fed to the grid of the 
second section. The headphones are connected in 
the output circuit of this second amplifier. The 
choke, Zs, makes it unnecessary to pass the d.c. 
plate current of the 6SN7 through the headphones 
(parallel plate feed). 

Now we remember that in order to hear c.w. 
(unmodulated) signals in the regenerative re- 
ceiver we had to make the detector oscillate. A 
diode detector cannot be made to oscillate. So, 
instead, we provide a separate oscillator called 
the beat-frequency oscillator (b.f.o.). The b.f.o. 
operates at the if. The triode section of the 
6SQ7 and 7’; are used for this purpose. The b.f.o. 
is turned off by the switch S, when the switch is 
in the ’phone position where the b.f.o. is not 
needed. The switch also silences the receiver 
when it is turned to the mid position. This is de- 
sirable while the transmitter is being operated. 


Converter Tuning System 

Returning to the converter circuit, when the 
oscillator is tuned to some chosen frequency, the 
superhet can be made to respond to any antenna 
signal whose frequency differs from the oscillator 
frequency by the frequency to which the i-f. 
amplifier has been tuned. This means that there 
are two signal frequencies to which the receiver 
will respond for each setting of the oscillator fre- 
quency — the oscillator frequency plus the if., 
and the oscillator frequency minus the i.f. Thus if 
the oscillator is tuned to 5000 ke. and the i.f. 
amplifier is set at 1500 ke., the system will respond 
to signals at 5000 plus 1500 = 6500 ke. and at 
5000 minus 1500 = 3500 ke. Lither of these two 


3 Fig. 23 — Rear top 
view of the superhet 
receiver showing the 
placement of parts on 
top of the chassis. 
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signals may be selected by tuning the input cir- 
cuit, L3C, to one or the other. If the input circuit 
is tuned to 3500 ke., the signal at 6500 is called 
the 7.f. image signal. If the input circuit is tuned 
to 6500 ke., the 3500-ke. signal then becomes the 
image. In other words, the unwanted signal is 
always called the image. The degree to which the 
input circuit can discriminate against the image 
signal is known as the receiver’s image rejection. 

In more-advanced superhet design, the tuning 
condensers of the input circuit and the oscillator 
circuit are ganged together so that the input cir- 
cuit always will be tuned to the desired side of 
the oscillator frequency. However, in this in- 
stance, the tuning controls are independent so 
that advantage may be taken of the dual-re- 
sponse characteristic. The oscillator is designed 
to cover, by adjustment of C3, the range of 5000 
to 5800 ke. and theif. is set permanently at 1500 
ke. Therefore, when we subtract 1500 ke. from the 
oscillator range, we get the signal range of 3500 
to 4300 ke. and when we add 1500 ke. to the 
oscillator range, we get the signal range of 6500 
to 7300 ke. The input circuit is designed to tune 
over both of these ranges. It will be seen that the 
amateur 80-meter band lies in the first range, 
while the 40-meter band is included in the second 
range. It is necessary merely to shift the setting 
of C2 to select either range. 

Since the selectivity of the single tuned cir- 
cuit Z3C, may not be sufficient to exclude a 
strong image, the additional tuned circuit L,C; in 
the wave trap is made available. Connected in 
series with the antenna as shown, this circuit will 
tend to reject any signal to which it is tuned. Thus, 
if we are listening to a signal in one of the two 
ranges and we get interference (as we may) from 
a strong signal in another range, adjustment of 
C, to the frequency of the interfering signal will 
help greatly to climinate it. 


Additional Tuning Ranges 


The output of the usual type of oscillator — 
whether in a receiver or transmitter — is seldom 
confined exclusively to the fundamental frequency 
to which its circuit is tuned. It always produces 
output to a greater or less degree at exact multi- 
ples of the fundamental frequency. These multi- 
ples are called harmonics. The output at twice the 
fundamental frequency is called the second har- 
monic; output at three times the fundamental 
frequency is called the third harmonic, and so 
forth. The power output usually falls off quite 
rapidly as the number of the harmonic increases. 
However, the output of the oscillator at the second 
harmonic in this receiver is great enough so that 
use may be made of it in obtaining two additional 
listening ranges from the same set of coils. 

The oscillator’s fundamental range we know 
is 5000 to 5800 ke. The second-harmonic range 
therefore will be twice this, or 10,000 to 11,600 ke. 
Now when we add the 1500-ke. i.f. we get a signal 
range of 11,500 to 13,100 ke. When we subtract 
the if. we get the range of 8500 to 10,100 ke. 
These ranges are also included within the cov- 
erage of L;C2. 


Construction 

In building this receiver and the two-tube 
transmitter which follows, a few tools in addition 
to the usual hand tools, such as screwdriver, 
pliers, ete., should be borrowed or purchased 
Socket holes are most easily cut with a socket- 
hole punch (such as Greenlee or Pioneer). Large 
holes also may be cut readily in aluminum with 
an adjustable circle cutter in an ordinary car- 
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penter’s brace. Small holes can be drilled with a 
hand drill of the “‘egg-beater” type and reamed 
out to larger size with a large drill held in the 
brace. Small drills can also be used in the brace, 
if a hand drill is not available. Always mark the 
hole centers with a prick punch before attempting 
to use the drill. 

Don’t start to build this receiver with the idea 
that you are going to complete the job over a 
weekend. Take your time and do a careful job. 
By this we don’t mean that the mechanical work- 
manship must be perfect. Simply make sure that 
the parts are mounted securely and that the wir- 
ing doesn’t end up in a rat’s nest. It will pay you 
in results and freedom from trouble in getting 
the receiver into operation. 

The unit is assembled on a standard chassis 
7 by 13 by 2 inches. Aluminum is much easier to 
work with than steel — particularly with simple 
tools —and the cost is about the same. The 
panel is cut from a sheet of 4¢-inch aluminum 74 
inches high and 14 inches long. If it is desired to 
put the receiver in a cabinet, the panel furnished 
with the cabinet may be substituted. 

In laying out the chassis, the first thing to do 
is to spot the centers for the components on top 
of the chassis using Fig. 23 as a guide. The exact 
placement is not at all critical. To provide for a 
good-looking arrangement of controls on the 
panel, the oscillator tuning condenser, C2, should 
come at the center and the input tuning con- 
denser, C2, should be placed at the left-hand end 
of the chassis where its shaft will balance the shaft 
of the volume control on the right. C3 will have to 
be elevated about 14 inch on metal spacers so 


Fig. 24— Bottom view of the simple superhet receiver. 
Components in the circuit diagram ure identified by the arrows 
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that the mechanism of the National SCN dial 
can clear the chassis, C2 is fastened directly to 
the chassis without spacers. The socket (4-pin) 
for the input coil (Z2L3) should be near Cz and 
the socket (5-pin) for the oscillator coil (L4D5) 
should be fairly close to C3. The 6SB7Y socket 
(octal) should be about midway between the two 
variable condensers. The i.f. transformers and the 
if. and detector-b.f.o. tubes are lined up along 
the back, with the adjusting screws of the trans- 
formers toward the rear. The 6SN7 is placed in 
front of the b.f.o. can (7’3) in line with the oscil- 
lator coil socket and the 6SB7Y. 

A 1-inch punch is required for the Amphenol 
MIP bakelite octal sockets for the 6SG7, 6SQ7 
and 6SN7, while a 14-inch punch is needed for 
the Millen ceramic sockets for the 6SB7Y and 
the two coil forms. The 114-inch punch is used 
also for the power plug at the rear. A similar hole 
should be punched in the middle of the front edge 
of the chassis with its center 74 inch above the 
bottom edge. You will also need a hole for adjust- 
ing the trimmer C, located near the GSB7Y, and 
clearance holes for connections to the stator ter- 
minals of C2, Cs, and the volume control, as well 
as a hole under the center of each of the if. cans 
for the transformer leads. A cut-out is required 
in the rear edge near the left-hand end for the 
antenna terminal strip, unless you decide to use 
a pair of small feed-through insulators as termi- 
nals. Shaft holes must be cut in the front edge for 
the switch and headphone jack. They should 
be placed at either end to balance. 

C, is mounted under the chassis, insulated by 
fastening it to the center of a piece of 14-inch 
polystyrene sheet (Millen No. 55001) 3 inches 
long and 134 inches high. The insulating strip is 
then fastened with 6-32 screws against the inside 
front edge of the chassis so that the shaft of C; 
will be central in the large punched hole. C, is 
mounted with its ceramic stator bars running 
vertically to provide access to the mounting 
screws for C3. The choke, Lg, is fastened under the 
chassis, next to Cj. 

Before the switch, the jack and C; are mounted, 
the panel should be placed against the front edge 
of the chassis with the bottom edges even and 
the panel centered. Then the mounting holes 
should be transferred to the panel by marking 
with a scriber from the rear. The centers for the 
shaft holes for C2, C3 and the volume control 
should then be measured out and marked. A 14- 
inch hole is needed for the mechanism of the main 
tuning dial. 


Wiring 

Time will be saved if a soldering lug is placed 
under each of the socket-mounting nuts when the 
sockets are fastened in place. They will be needed 
for ground connections to the chassis. Fiber lug 
strips fastened to the chassis by the mounting 
screws of the i.f. cans will provide convenient in- 
suluted anchorages for condenser and resistor 
terminals that should not be grounded. As Tig. 24 
shows, a separately-mounted lug strip is used for 
mounting Cy, Cy:, 2g and Ry. The assembly is 
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placed immediately in front of the 6SQ7 
socket and fastened with a 6-32 screw. 

The filament wiring should be done first, keep- 
ing the wiring down close against the chassis, 
The two wires of the circuit should run parallel 
and close together wherever possible. They may 
be bound together with bits of Scotch tape to 
keep them from spreading. Next, resistors and 
by-pass condensers which connect directly to 
tube-socket terminals should be placed, and the 
insulating lug strips installed wherever the free 
ends of the resistors and condensers must be kept 
away from contact with the chassis. The leads 
furnished with the i.f. transformers should reach 
the proper tube-socket terminals or to a ground 
lug as required, but the red leads to the plus-B 
line should be anchored at an insulating lug- 
strip terminal and the wiring extended from 
there. When using the Millen 65163 b.f.o. 
unit, the brown wire should go to ground and 
the black-and-white to Cj. 

Very little r.f. wiring is required. This is the 
wiring between the stator terminals of Cz and C; 
and the coil and tube terminals. No. 14 tinned 
antenna wire should be used and the wiring 
should be kept well spaced from the chassis and 
other components wherever possible. A small cone 
insulator threaded onto the rear mounting screw 
of the 6SB7Y socket will serve as an anchorage 
for the wire running from Lg to Terminal § 
of the 6SB7Y. A lead from the front stator 
terminal of C3 (a lug will have to be added at this 
terminal) passes down through a cleerance hole 
in the chassis to 2) which is soldered to Terminal 
5 on the 6SB7Y socket. One terminal of C, is 
connected to this wire; the other terminal of Cy 
is grounded. The mica trimmer can be sup- 
ported by its connecting leads. Be sure to locate 
it under the adjusting hole you have drilled in 
the chassis. A wire from the rear stator terminal 
of C; runs to the right and then through a hole 
in the chassis close to the rear of the oscillator- 
coil socket where it is connected to Pin 4. The 
long wire connecting Terminal 6 of the 6SB7Y 
socket to Pin 1 of the coil socket is insulated with 
a sleeve of spaghetti and run under C, (in Fig. 
24). Ordinary hook-up wire may be used for 
this connection if it is cemented to the chassis. 
Ly, is cut from a section of Barker and Williamson 
“Miniductor” and this coil is mounted directly 
across the rear terminals of C, on short lengths of 
No. 14 wire. Check the wiring as you proceed 
and go over it again after the job is completed 
to make sure that there are no mistakes or acci- 
dental short circuits to the chassis or other parts. 


Coil Winding 

In winding the coils, be sure that No. 22 d.s.e. 
wire is used and that the turns are tight and 
wound snugly together. The proper frequency 
range depends on this. Both oscillator and input 
coils are wound on National or Millen plastic 
forms 1 inch in diameter. The form for the input 
coil has 4 pins, while the oscillator form has 5 pins 
for identification. In winding Lz and Ls, measure 
up on the form 4 inch directly above Pin 4. At 
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‘this point drill a small hole to pass the No. 22 
wire. Next, measure up 7 inch directly above 
Pin 1 and drill another hole. Starting with the 
wire at the hole above Pin 4, wind 614 turns in a 
clockwise direction with the pins facing you. This 
should bring you out at the second hole. Now 
drill a hole 36 inch above Pin 2 and another 7g 
inch above Pin 3. Starting with a new piece of 
wire at the lower of these two holes, wind 1414 
turns in a clockwise direction as the pins face you. 
This should bring you out at the top hole. The 
windings may be cemented in place with Duco 
cement or coil dope. 

Special care should be used in winding the oscil- 
lator coil. Both windings must be wound in the 
same direction. Drill holes 14 inch above Pin 5, 
S¢inch above Pin 1, 7; inch above Pin 2 and 18% 
inch above Pin 4. Starting at the bottom hole, 
wind 334 turns in a clockwise direction, with the 
pins facing you. This should come out at the 
second hole. Then starting at the third hole, wind 
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no connection 
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Fig 25—Sketch showing pin connections in coil 
forms gures at right are bottom views of the coil- 
form bases. 


16}4 turns in the same direction. This should 
bring you out at the top hole. The ends of the 
wire should be scraped and fed through the 
proper pins, as shown in Fig. 25, and soldered. Be 
sure that you have followed the pin numbering 
shown for the coil sockets in Fig. 22. The receiver 
will not work if connections to coil pins are switched 
or if the oscillator coils are 
wound in opposite directions 


Power Supply 

The receiver is designed to 
work from any small receiver 
power supply delivering 250 /% 
volts at 40 ma. or more. A suit- 
able unit is shown in Figs. 26 
and 28 and the wiring diagram 
is given in Fig. 27. The unit 
is built on a 7 X7 % 2inch 
aluminum chassis. The com- 
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26— A simple power supply for tho superhet 
receiver. 


the output socket (the positive high-voltage 
line) well insulated from the chassis. The output 
socket is set in one edge of the chassis so that it 
will line up with the plug in the receiver, and the 
switch and a.c. cord are placed on the side. Then 
the two units may be connected with a plug-in 
cable, or the power-supply unit can be plugged 
directly into the receiver chassis. 


Adjustment 

The receiver can be adjusted quite readily with 
the help of almost any superhet broadcast re- 
ceiver. The Millen transformers are pretuned to 
1600 ke. so must be readjusted for 1500 ke. First 
the b.f.o. is turned on by throwing S, to the c.w. 
position. The b.c. receiver, placed close to the 
ham receiver, is tuned as accurately as possible to 
1500 ke. Then the slug in the b.f.o. can (7’3) is 
adjusted until the swish of the b.f.o. is heard in 
the b.c. speaker. This sets the b.f.o. at approxi- 
mately 1500 ke. Next, wind several turns of insu- 
lated hook-up wire around two or three fingers. 
Twist one end of the wire around the turns to 
hold the coil in shape and leave a lead of three or 


four feet at the other end. 


ponents may be placed in any 
convenient arrangement; the 
Jength of wiring leads is of no 
consequence. The only impor- 
tant point is to keep the line 
from the rectifier filament to 


Fig. 27 — Circuit dingram of the power supply for the superhet receiver. 

C1, Cz, Cs — Filter condensers — 8-pfd. 450-volt tubular electrolytic. 

Ry — Bleeder resistor (discharges condensers when power is turned off) — 
50,000 ohims, 10 watts. 

li, Le — Filter chokes — 8 h., 40 ma, (Thordarson T-20C52). 

Si — Power switch — s.p.s.t. toggle. 

T; — Power transformer — 250-0-250 yolts r.m.s., 40 ma.; 5 volts, 2 amps.; 
6.3 yolts, 2 amps. (Thordarson ‘T-22R00), 
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Make sure that the ends of the wire are not 
bare (if necessary cover them with Scotch tape) 
and insert the bunched wire into the back of the 
b.c. receiver somewhere near the tuning-con- 
denser gang. Now put the end of the free lead 
into the hole in the side of the second i.f. trans- 
former can (7’2). If the can has no hole, push 
the end of the wire up into the can from the bot- 
tom. Now tune the b.c. set until a whistle is heard 
in the headphones. It may be weak at first, so 
listen carefully. The whistle should be heard when 
the b.c. receiver is tuned to approximately 1045 
ke. if the b.c. receiver has the usual 455-ke. i.f. 
Starting with the second i.f. transformer, 72, 
adjust first the bottom slug screw and then the 
top screw for maximum signal in the headphones. 
Now transfer the lead wire to the first if. trans- 
former, 7’), and adjust similarly for maximum 
response. Remove the test lead and turn off the 
b.c. receiver. The i.f. amplifier should now be 
tuned up at approximately 1500 ke. 

Next, turn off the b.f.o. (switch in ’phone posi- 
tion) and set Cy; at minimum capacitance and C, 
and C3 at maximum capacitance. Connect the 
antenna and adjust Cy with a screwdriver until 
the background noise comes up to a maximum. 
By this time you should be hearing signals. Now 
set the main tuning dial at 50 and adjust C, for 
maximum background noise. Adjust Cy very care- 
fully until 75-meter ’phones are heard. Note 
where the high-frequency end of the ’phone band 
stops, and trim C4 slightly until 4000 ke. falls at 
about 50 on the dial. Pick out a steady ’phone 
signal and go back and trim up the i.f. tuning 
for maximum signal (or you can use background 
noise). Now tune in a ’phone signal as closely as 
possible on the nose. Then switch on the b.f.o. 
and, without additional touching of the main tuning 
dial, readjust the b.f.o. (7's) to bring the beat note 
(whistle) to the desired pitch. 

If the oscillator coil has been wound carefully 
to dimensions, the receiver should now be tuned 
to cover 3500 to 4300-ke. In covering this band, 
it will be necessary to keep C2 tuned for 
maximum signal. Signal strength will 
remain quite satisfactory if C2 is reset 
only two or three times across the band, 
although a more accurate setting may 
be necessary for maximum selectivity. 


Fig. 28 — Bottom view of 
the superhet-receiver power 
tupply. 
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To cover the 6500-to-7300-kc. range, all that is 
required is to set C, at maximum capacitance and 
readjust Cz lower in capacitance until a second 
peak in background noise is heard. Then signals 
in and around the 7-Me. band should be heard 
over the first half of the dial range. Similarly, to 
tune to the 8500-to-10,000-kc. and 11,500-to- 
13,100-ke. ranges, tune C3 still lower in capaci- 
tance to find two more respective points where 
the background noise comes up. This must be 
done carefully for the latter two bands, since 
the maximum response points come quite close 
together near the minimum capacitance of the 
condenser. 


14-Mc. Band 

If it is desired to cover the amateur 20-meter 
band, a second set of coils will be required. For 
I, and Lz, drill the first hole in the 4-pin coil 
form 4 inch above Pin 4, the second hole 34 inch 
above Pin 1, the third hole 44 inch above Pin 2 
and the last hole 34 inch above Pin 3. Starting at 
the bottom hole, wind 314 turns of No. 22 d.s.c. 
wire in a clockwise direction with the pins facing 
you. This will bring you out at the hole above 
Pin 1. Starting again at the third hole, wind 814 
turns in the same direction. This should bring 
the winding to the hole above Pin 3. Solder each 
wire end to the pin immediately below the 
hole. 

For Ly and Z;, drill holes 14 inch above Pin 5, 
3% inch above Pin 1, % inch above Pin 2 and 184 
inch above Pin 4. Start at the bottom hole, 
wind clockwise 214 turns, ending up at the hole 
over Pin 1. Now, in the same direction, wind 314 
turns, spacing the turns out so that the winding 
will reach the top hole. Before soldering the ends 
of the wire to the pins, two silvered mica condens- 
ers are needed. (Silvered mica condensers hold 
their capacitance more constant with changes 
in temperature than those of the ordinary type. 
This helps to prevent “creeping” of the signal 
after it has been tuned in.) One of the condensers 
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should have a capacitance of 220-yyfd., while the 
other should be a 100-uufd. unit. Place the two 
condensers with their flat sides together and 
solder the terminal wires together at each end, 
close to the condensers. This connects the two 
condensers in parallel so that the total capaci- 
tance is 320 ppufd. Cut off the excess lengths 
of terminal wire. Now solder a piece of the No. 
22 wire about 6 inches long to each end of the 
condenser assembly. Remove the insulation, 
straighten the wires out and fish one of them 
through the inside of the coil form and down 
through Pin 2, along with the end of Ly. Fish 
the other wire similarly down through Pin 4. 
By pulling the wires carefully from the bottoms 
of the pins, draw the condensers as far down into 
the form as possible. (It doesn’t matter if the 
condensers are tipped inside the coil form, so 
long as one end is close to the bottom.) Cut the 
wires close to the ends of the pins and solder 
each pin. 

The input coil may be coated immediately with 
Duco cement or coil dope, but the oscillator coil 
must first be adjusted to the band. Plug the coils 
in and turn on the receiver. Turn C; and C; to 
maximum. Starting at minimum, tune C2 care- 
fully for the first point of maximum background 
noise. Set it at the point of maximum noise. 
Now with C; search the range for 20-meter 
’phone or c.w. signals. If none are heard, push 
the turns of L; slightly closer together, or spread 
them slightly apart, until by trial the 20-meter 
band is found. When the band is located, place 
the high-frequency end at about 40 on the dial 
by very careful adjustment of the spacing of the 


HOW TO BECOME 


turns. The winding can then be cemented in 
place. The tuning range now should extend 
approximately from 13,850 to 14,600 kc. 

If Cy is increased slightly, another point of 
maximum background noise will be found. This 
is the if. image response. With C at this setting 
the range of approximately 10,850 to 11,600 ke. 
is covered. When the receiver is tuned for recep- 
tion in the 20-meter band, any interfering images 
may be reduced by adjustment of the wave- 
trap. 


The Wavetrap 

In case an image signal or harmonic response 
from one of the bands not in use causes interfer- 
ence, it can be wiped out almost completely by 
accurately tuning C, for maximum response of 
the desired signal and tuning the wavetrap to the 
frequency of the interfering image. If you suspect 
that the interfering signal is an image, simply 
tune C, until the interfering signal becomes 
weaker or disappears altogether. If the desired 
signal and the interfering signal disappear 
together, the interfering signal isn’t an image! If 
the desired signal becomes weaker without af- 
fecting the strength of the interfering signal, the 
wavetrap is tuned to the wrong frequency and a 
search should be made for the proper spot. The 
only thing to watch out for is that the trap isn’t 
left tuned to the portion of the band where you 
want to listen. That is the reason for the preced- 
ing instructions regarding the preliminary setting 
of C; at minimum and maximum — to keep the 
trap tuned away from the band where you’re 
listening. 


A Simple 30-Watt Oscillator- Amplifier Transmitter 


A transmitter of the oscillator-amplifier type is 
shown in Figs. 29, 33 and 34. 

The circuit of such a transmitter is shown in 
Fig. 31. The oscillator circuit — that portion 
between ; and RFC, —is known as the Pierce 
circuit. It is one of the simplest erystal-oscillator 


circuits, since no tuning control is required. Al- 
though it is not feasible to couple an antenna to 
such a circuit, it works well when used to drive 
an amplifier. To explain the action of the circuit, 
we must go back to an earlier version shown in 
Fig. 30A. This circuit is known as the Colpitts 
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Fig. 29—A two- 
tube crystal-con- 
trolled transmitter 
for the 80- and 40- 
meter bands. The 
panel is a sheet of 1%- 
inch aluminum 714 
inches high and 14 
inches long. The dials 
are National type 
HRT-O. 
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Fig. 30 — Development of Pierce oscillator circuit. 


circuit. Oscillations can be obtained by proper 
connection of the tube to a tuned circuit, such as 
that consisting primarily of Z, and C;. To obtain 
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oscillation, the plate is connected to one end of 
the tuned circuit and the grid to the other end. 
Cy and C3 form a capacitive tap across the circuit, 
just as if a tap were placed on the coil. The 
cathode is connected to this tap (through 
“ground’”’). Feedback is adjusted by changing 
the ratio of C2 to C3, just as it would be by a 
change in the ratio of turns on either side of a 
tap on the coil when the tap is moved. 2, is the 
grid leak which provides the necessary operating 
grid bias. Voltage is fed to the plate through 
RFC, to prevent grounding of the plate through 
the power supply (parallel feed). Cy keeps the d.c. 
plate voltage from being applied to the grid 
through the tank coil. 

Fig. 30B shows a circuit called the ultraudion 
circuit. It is identical to the circuit of A except 
that the grid-to-cathode capacitance of the tube 
takes the place of C2 and the plate-to-cathode 
capacitance serves for C3. 

Since a crystal is the equivalent of a tuned 
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Fig. 31— Circuit dia- 
gram of the oscillator- 
amplifier transmitter, 


Ci — Oscillator screen blocking condenser (takes d.c. 
off crystal) — 0.005-yfd. disk ceramic (Sprague 


29C1). 
C2— Feed-back adjusting condenser — 220-pyfd. mica, 
C3 — Oscillator cathode by-pass — same as Ci. 


C4 — Oscillator screen-circuit by-pass — same as Ch. 

Cs — Amplifier grid coupling condenser — 100-yufd. mica. 

Co — Oscillator plate by-pass — same as Ci. 

C7 — Heater r.f. by-pass — same as C1. 

Cs — Amplifier cathode by-pass — same as Ci 

Co — Key-click condenser — 8-yfd. 450-volt electrolytic. 

Civ — Amplifier screen by-pass — same as Ci. 

Cu — Amplifier plate by-pass — same as Ci. 

C12 — Amplifier plate blocking condenser (preyents d.c, 
short circuit through Li) — same as Ci. 

Cis, Cis — Meter r.f. by-pass — same as Ch. 

C1s— Amplifier output tuning condenser — $25-pyfd. 
variable (National STH-335). 

Cio — Antenna tuning condenser — same as Cis. 

Ri — Oscillator grid leak — 56,000 ohms, 14 

Rz2— Oscillator screen-yoltage-dropping 
22,000 ohms, 1 watt. 

Ks — Amplifier grid leak — 18,000 ohms, 14 watt. 

Rs— Amplifier screen-voltage-dropping resistor — 
18,000 ohms, 2 watts. 

Li — Amplifier output coil — 

3.5 Mc, — 15 turns No, 22 wire, 1°¢ inches diam., 

13% inches long. Lz — 4-turn link (Bud OBL-40 


resistor — 


with 4 turns removed from end opposite link or 
B & W JEL-40 with 5 turns removed). 
7 Mc. — 14 turns No. 16 wire, 124 inches diam., 
14 inches long. Le — 4 turn link (Bud OEL-20 
or B & W JEL-20). 
Li — Antenna tuning coil — 
3.5 Me. — 22 turns No. 22 wire, 1!4 inches diam., 
144 inches long overall, nch space at center. 
Ls — 6-turn variable link (Bud OLS-40 or B & W 
JVL-40). 
7 Mc, — 12 turns No. 16 wire, 1!4 inches dinm., 
144 inches long overall, 14-inch space at cente 
Ls — 5-turn variable link (Bud OLS-20 or B & W 
JVL-20). 
Ji — Key jack — closed-circuit. 
MA — Amplifier plate-current milliammeter — 150- or 
200-ma. scale. 
P; — Five-pin chassis-mounting plug (Amphenol). 
REC; — Oscillator screen-feed choke — 2.5-mh. r.f. choke 
(National R100-S). 
REC» — Oscillator plate-circuit inductance — 100-ph. r.f. 
choke (Millen). 
REFC3— Amplifier grid-feed choke — 2.5-mh. r.f. choke 
(National RL00-S). 
REC; — V.h.f. parasitic-suppressor choke — 2-zh, r.f. 
choke (National R60). 
RECs — Amplifier plate-feed choke — 2.5-mh. r.f. choke 
(National R100-S). 


: 
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Fig. 32 — Development of amplifier arrangement. 


circuit, we arrive at the circuit of Fig. 30C — the 
Pierce circuit which we are to use in the trans- 
mitter. In the latter, the screen of the 6AG7 is 
used as the plate of the oscillator circuit. eed- 
back is adjusted to the proper value by C, which 
is in parallel with the screen-to-cathode capaci- 
tance. Fz is a series resistor to reduce the voltage 
for the screen. 

The output of the oscillator is coupled to the 
6AG7 output plate circuit principally through 
the electron stream within the tube. This is known 
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as electron coupling. The r.f. output from the 
plate circuit appears across RFC». A tuned cir- 
cuit could be used instead of RFC, with greater 
output from the oscillator, but this would mean 
an additional tuning control and a more com- 
plicated amplifier circuit. 


The Amplifier 

An rf. power amplifier usually has two tuned 
tank circuits — the input tank circuit connected 
between grid and cathode and the output circuit 
between plate and cathode. The input tank cir- 
cuit may be an independent one, as shown in Fig. 
32A, or the output tank circuit of the oscillator 
may serve the same purpose, as shown at B. In 
the case of A, the output circuit of the oscillator 
is coupled to the input circuit of the amplifier by 
inductive means. The arrangement at B is called 
capacitive coupling, and C is the coupling con- 
denser. Unless special precautions are taken the 
amplifier will oscillate when the input and output 
circuits are tuned to the same frequency. This is 
primarily because the two circuits are coupled 
through the plate-to-grid capacitance of the tube. 
We do not want the amplifier to operate as an 
oscillator; we want it to amplify the signal from 
the oscillator. To avoid the complications in- 
volved in other means, oscillation can be pre- 
vented by keeping either the input circuit or the 
output circuit tuned away from resonance. We 
want the greatest power possible from the output 
circuit. Therefore we make the grid circuit non- 
resonant. While this will result in less than maxi- 
mum power output from the oscillator, we can 
afford to sacrifice efficiency at this point. There- 
fore, instead of the customary tuned tank cir- 
cuit, we substitute an rf. choke for the oscillator 
output tank circuit, as shown in Fig, 32C. Thus 
we arrive at the arrangement shown in Fig. 31 in 
which RIC, is the untuned circuit common to 
the output circuit of the oscillator and the input 


FEED LINE 
OR ANTENNA 


Fig. 33 — Top view 
of the oscillator-am- 
plifier transmitter. 
The clearance holes 
for the wiring to the 
tuning condensers are 
lined with rubber 
grommets, 

Forty-meter coils 
are used for 80, and 
20-meter coils for 40 
to obtain the desired 
tank-circuit Q. 
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circuit of the amplifier, and C; is the coupling 
condenser. Here, a beam tetrode tube is used, 
instead of a triode, because the beam tube has 
greater power amplification. 

Rs is the amplifier grid leak. The impedance of 
RFCs in series with Rg prevents r.f. currents from 
flowing through the grid leak and wasting power 
from the oscillator. Cj; and L, make up the out- 
put tank circuit. Parallel feed is used to the 
amplifier plate through RFC;, and Cj. is the 
blocking condenser which passes r.f. but prevents 
short circuiting the d.c. plate supply through [y. 
Rg is a series resistor that reduces the voltage 
for the screen. C3, Cy, Cg, Cz, Cs, Cro, Cur, Cig and 
Cy, are all by-pass condensers designed to prevent 
the flow of r.f. (fundamental and harmonies) in 
the power-supply leads. The cathodes of the two 
tubes are connected together and the key jack is 
connected between the common cathode connec- 
tion and negative h.v. which is connected to the 
chassis. This interrupts the plate-current flow 
to the tubes when the key is open. Cy is for the 
purpose of reducing clicks on the transmitted 
signal which may cause unnecessary interference 
to amateurs operating near the same frequency as 
yours, as well as to nearby broadcast receivers. 


Parasitic Oscillation 

We know that as we go higher in frequency, the 
inductance and capacitance necessary to tune 
to resonance becomes smaller. In the regenerative 
receiver, for instance, the coils covering the higher 
frequencies are much smaller than those for the 
lower frequencies. If we go high enough in fre- 
quency, we come to the point where the induct- 
ance and capacitance of a short piece of connect- 
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Fig. 34 — Bottom view of the two-tube low-power transmitter. The chassis measures 7 by 13 by 2 inches. 


ing wire will be resonant. In most r.f. amplifiers, 
such small unavoidable factors combine to cause 
oscillation at frequencies in the neighborhood of 
150 Mc. This must be avoided to prevent the 
wasting of power and to eliminate radiation at 
spurious frequencies. The small choke, RFC, 
which offers a high impedance to very-high fre- 
quencies, is inserted in series with the grid of the 
amplifier to prevent this type of oscillation. 


Antenna Tuner 

Cig and Ly make up an antenna tuner. Its pur- 
pose is to provide means for resonating the an- 
tenna system and coupling it to the output circuit 
of the amplifier. The tuner is coupled to the 
amplifier tank by means of an inductive-link line 
as shown. The condenser may be connected in 
series with the coil or in parallel with it by proper 
connections between the pins on the plug-in 
base of Ly. Plate and filament power is fed to the 
transmitter through the chassis plug, P;. The 
diagram of a suitable power supply is shown in 
Fig. 35. It is similar in circuit and principle to 
those discussed earlier. The single-section filter 
provides adequate smoothing for transmitting. 


Construction 

The general construction of the transmitter is 
designed to match that of the superhet receiver. 
Therefore the chassis and panel dimensions are 
the same and the unit will fit into a similar cabi- 
net, As in the receiver, the exact placement of 
parts on top of the chassis is not critical. The two 
variable condensers, Cj; and Cj, are placed at 
either end of the chassis to balance (shafts about 
3 inches in from the ends). Cj, must be insulated 


Fig. 35 — A power supply for the oscillator-amplifier 
transmitter. It is built on a 7 X 7 X 2-inch aluminum 
chassis following suggestions laid out for the superhet 
receiver supply. The output socket is placed to match 
up with the plug in the rear of the transmitter chassis. 


from the chassis, so it is mounted on Millen 32100 
feed-through insulators which require 3¢-inch 
holes. C;; need not be insulated, but metal spacers 
are used to bring its shaft up level with that of 
Cys. The respective coil sockets are mounted 
directly behind the condensers, with their axes at 
right angles to minimize direct inductive coupling. 

The sockets (Millen) for the crystal and the 
oscillator tube are placed in the space at the left- 
hand end of the chassis and the amplifier tube an 
inch or two to the right of Cy; and L,. The Millen 
ceramic sockets require 1}4-inch holes. The os- 
cillator socket is mounted with its key toward the 
front, while the key of the amplifier socket is 
toward the right. The amplifier-coil socket (5- 
prong) is turned so that the large Pins 1 and 5 are 
toward the right. The link prongs of the antenna- 
coil socket (5-prong) are to the rear. Two solder 
lugs should be placed under each socket-mounting 
nut for ground connections. 

Clearance holes are drilled at the rear of the 
tuning condensers for the connecting wires. A 
hole is also required near the front of the chassis 
at the center for the wires running to the meter if 
one is to be used. A hole for the key jack is needed 
in the front edge of the chassis at the center. In 
the rear edge the power plug is mounted at the 
left-hand end and the two output terminals, 
which are a pair of 3¢-inch feed-through insu- 
lators similar to those mounting C,, are at the 
opposite end. 

RFC,, RFC; and RFCs; are mounted with a 
single screw in the locations near the tube sockets 
shown in Fig. 34. A fiber lug strip is fastened 
under R/C; to provide an insulating anchorage 
for the bottom end of Is. A 24-inch ceramic cone 
insulator is fastened to the right-hand mounting 
screw of the 6AG7 socket (in bottom view), and 
another similar insulator is fastened to the chassis 
immediately above the socket. Two soldering lugs 
are fastened to the top of each insulator. 
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Wiring 

As pointed out in the discussion of the oscillator 
in the superhet receiver, oscillators (and ampli- 
fiers too) can generate harmonies. Experience has 
shown that even a low-power transmitter operat- 
ing at 80 or 40 meters can cause interference to 
television receivers in the immediate neighbor- 
hood if one or more of the higher order of har- 
monies falls in a television channel — even 
though the power generated at such a high 
frequency is, of course, very small indeed. There- 
fore, at least the most essential steps should be 
taken to reduce harmonics in the power-supply 
leads and the antenna. This consists of the use of 
shielded power wiring, low-inductance by-pass 
condensers with short leads, and the link-coupled 
antenna tuner. Under some circumstances it may 
be necessary to take further measures to suppress 
TVI, but those mentioned should suffice in most 
cases. In particular, it may be necessary to shield 
the transmitter by placing it in a metal cabinet. 
If this is done, the panel furnished with the cabi- 
net will be used, rather than the one described 
of course. ‘ i‘ 

Shielded wire consists of an insulated con- 
ductor covered with copper braid. In using it, care 
must be exercised in keeping the ends of the cop- 
per braid away from contact with the inner con- 
ductor. In preparing the end of the wire, wrap 
three or four turns of No. 22 bare tinned wire (or 
cotton- or silk-covered magnet wire with the in- 
sulation removed will do) tightly around the 
shielding braid at about one inch from the end, 
leaving a lead of 2 or 3 inches at one end of the 
binding wire. Then fray the braid back to the 
binding and trim the braid off close with cutting 
pliers or shears. Flow solder around the turns of 
bare wire. Then remove the insulation from the 
end of the conductor for a distance of about 144 
inch. This should leave about 14 inch of insulation 
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Fig. 36 — Wiring diagram of the power supply for 


the oscillator-amplifier transmitter. 
C; — Filter input condenser — 8-pfd. 500-volt electro- 


lytic. 


C2 — Filter output condenser — 8-pfd. 450-volt electro- 


lytic. 

Ri — Bleeder resistor (discharges condensers when power 
is turned off) — 50,000 ohms, 10 watts, 

L: — Filter choke — 10.5 h., 110 ma. (Stancor C1001), 

Ji — Fiye-prong chassis-mounting socket (Amphenol), 

S: — Power switch — s.p.s.t. toggle. 

‘Tl; — Power transformer — 360-0-360 volts r.m.s., 
120-ma.; 5 volts, 3 amps.; 6.3 volts, 4.5 amps, 
(Stancor PC8410). 

V; — Rectifier tube — Type 80 or 5Z3. 
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between the conductor wire and the braid. Both 
ends of each piece of shielded wire should be pre- 
pared in the same way. The loose lead fastened to 
the shielding should be grounded to the chassis 
after the wire is installed. 

Pins 1 and 2 of the amplifier-tube socket, Pins 
1, 2 and 3 of the oscillator-tube socket, and Pin 4 
of the amplifier-coil socket are connected directly 
to ground at one of the adjacent grounding lugs. 
Pin 5 of the power plug also is connected to the 
chassis. Then a short length of shielded wire is 
run from Pin 1 on the power plug to Pin 7 on the 
6AG7 socket, and another section of shielded lead 
from there to Pin 7 on the amplifier-tube socket. 
Another section of shielded wire is run from Pin 2 
on the power plug to the bottom terminal of 
RFC\, another piece from there to the lug on top 
of the cone insulator holding RF'C2, another from 
this point to connect to Fy, and the last piece 
goes up through the chassis to connect the latter 
point to the positive terminal of the milliam- 
meter. Another section of shielded wire runs from 
the negative terminal of the milliammeter back 
down to the bottom end of RFCs. If a meter is not 
used, a connection is made directly from the fiber 
lug-strip termination of 2, to the bottom end of 
RFC;. The two cathode terminals of the tube 
sockets are connected together with shielded wire 
and another piece of shielded wire is run from 
Pin 8 on the amplifier-tube socket to the key 
jack. When the shielded wiring is completed, 
those wires running parallel, or crossing, should 
be spot-soldered together at intervals. 

The various small by-pass condensers are in- 
stalled next, soldering them directly between the 
tube-socket or r.f.-choke terminals and the near- 
est grounding lug with the shortest possible leads. 
R, is placed directly between Terminal 4 of the 
6AG7 socket and ground, and R3 between the 
bottom end of RFC; and ground. I is connected 
between the top end of RFC, and Pin 6 of the 
6AG7 socket. 2, is wired directly between Pin 4 
of the amplifier-tube socket and the fiber lug 
strip. Cy is connected between Pin 8 of the 
amplifier-tube socket and the grounded terminal 
of the key jack. A section of 75-ohm Twin-Lead 
or parallel-conductor lamp cord connects the link 
terminals of the coil sockets. 

The top terminal of RIC; is wired to Pin 3 of 
the amplifier-tube socket and Ci. is connected 
between the top of the same choke and Pin 2 of 
the amplifier-coil socket. RFC, is connected di- 
rectly between the top terminal of RFC; and Pin 
5 of the amplifier-tube socket. 

The r.f. wiring, of which there is very little, 
should be done with stiff wire, No. 16 or larger. 
It should be kept well spaced from the chassis 
and other components. One wire connects one 
side of the crystal socket to Pin 4 of the GAG7 
socket. Another is run from the second erystal- 
socket terminal to Pin 6. After the wire is soldered 
in place, a 14-inch section is cut out of the center 
and C; is inserted. 

A wire connects Pin 2 of the amplifier-coil 
socket to the rear stator terminal of C5. Cs is 
soldered between the top of RFC; and the anchor- 
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ing lug on top of the second cone insulator near 
the 6AG7 socket. A short piece of wire runs 
from there to Pin 8 of the 6AG7 socket. 

The antenna-coil socket is wired according to 
the pin numbering in Vig. 31. 

The panel is fastened to the chassis with two 
machine screws at each end. A hole is required to 
match the hole in the chassis for the key jack. The 
114-inch socket punch is used to make clearance 
holes in the panel for the shafts of the two tuning 
condensers. The hole for the meter can be cut 
with a circle cutter in a carpenter’s brace. The 
size of the hole will depend upon the dimensions 
of the meter used, of course. The meter shown is 
of the 2-inch variety, but panel space is available 
for a 3-inch meter. After the meter wires have 
been connected, C3 and Cj, should be added. 
They are connected directly between each meter 
terminal and the shielding braid of the meter 
wires. The braid of each meter wire is then 
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Fig. 37 — Bottom view of the oscillator-amplifier 
transmitter power supply. 


grounded to one of the meter-mounting screws. 
Since the meter terminals are exposed high-voltage 
points, they should be covered with sleeves of 
rubber tubing to remove the hazard. 


Power Supply 

The transmitter power supply shown in Figs. 
35 and 37 will deliver 350 volts under a full load 
of 110 ma. Any other power supply delivering 
up to a maximum of 350 to 375 volts under load 
will do. Naturally, if the voltage applied to the 
transmitter is lower, the power output will be 
reduced correspondingly. The circuit diagram 
is shown in Fig. 36. The principles are similar to 
those discussed in connection with the power sup- 
ply for the simple oscillator transmitter and the 
construction parallels that of the supply for the 
superhet receiver. Since the transformer is not of 
the flush-mounting type, no cut-out in the chassis 
is required; only two holes for the leads are needed. 
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(8) 
40-meter band, the crystal fre- 
quencies should lie between 
7000 and 7200 ke., or between 
3500 and 3600 ke. if frequency 
is doubled. y 
Antennas 
A single antenna can be 
made to serve for both 40 and 
80 meters. It may take any one 
of several forms. Where space 
(0) 
7 —_ 
[(L_4z—,, L—4—, 
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80-meter operation, for 40- 
meter operation, the operating 
frequencies must lie between 
7175 and 7200 ke. These fre- 
quencies can be obtained either 
by using crystals of these fre- 
quencies, or by doubling fre- 
quency using crystals between 
3587.5 and 3600 ke. 

To avoid the ‘phone bands, a 
holder of a General Class or 
Extra Class license should 
choose frequencies between 
3500 and 3800 ke. for 80-meter 
work. When operating in the 


is available, the preferable an- 
tenna consists primarily of a 
horizontal wire one half wave- 
length long for 80 meters (ap- 
proximately 135 feet) running 
in a straight line and elevated 
as high as possible. An antenna 
of this type is connected to the 
transmitter through a transmis- 
sion line or feeder line, which is 
simply a pair of parallel wires 
spaced 2 to 6 inches. The feed 
line may be attached to the an- 
tenna at one end, as shown in 


(F) Fig. 38C but, wherever it is at 


all feasible, it should be con- 


Fig. 38 — Various types of antennas recommended for use with the begin- nected at the center, as shown 
ner’s transmitter for 40 and 80 meters. See table for dimensions. in Fig. 38A. Where a choice in 


Choosing Crystal Frequencies 

Following current amateur practice, an oper- 
ator, after he has called CQ, listens first on or 
quite near his own transmitter frequency. There- 
fore, it follows that you will stand a better chance 
of raising him if your transmitter frequency is as 
close as possible to his. In other words, you will 
usually be more successful in making contacts if 
you call stations working on frequencies close to 
your own transmitter frequency. Also, when you 
call CQ, you will usually find that most of the 
stations answering you will be close to your 
transmitter frequency. For this reason it is an ad- 
vantage to have several crystals at different fre- 
quencies. 

Although c.w. operation is permitted on any 
frequency in the bands assigned to amateurs, you 
will seldom find any ec... operation in the bands 
assigned to ’phone. 

The holder of a Novice Class license must choose 
crystal frequencies between 3700 and 3750 ke. for 


direction exists, the center-fed antenna should be 
in a line at right angles to the direction in which it 
is most desired to work, while the end-fed an- 
tenna should be in a direction approximately 45 
degrees from the most-desired path. 


Antenna Data Table 


h lo soM. 40M. 
poet a ee eee 


67 ft. 67 ft. 


————_————— eee 


33 ft. 33 ft. 


Se 
hl +lz = 134 ft. par. 


(i: long as possible) 


h +l. = 67 ft. 


(4: long as possible) 
PS 


134 ft. 67 ft. 


SSS —— ee 
h +h = 67 ft. 
(lo short as possible 


67 ft. G7 ft. 
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Tf space does not permit running the antenna in 
a straight line, it may be bent to accommodate 
the length, or the ends may be dropped down, as 
shown in Figs. 38B and 38D. The angles at the 
bends should be as wide as possible. Although 
such bending will have some influence on the 
performance of the antenna, it will still work 
quite well. The center-fed antenna is much more 
tolerant as to dimensions than one which is end 
fed. In restricted space, the horizontal antenna 
portion may be made as long as space permits 
and the deficiency in length added to the feed 
line, keeping the over-all length the same. It is 
not advisable to do this with the end-fed antenna. 

When a feed line is used, power from the trans- 
mitter can be fed more readily to the antenna if 
the feed line is cut to certain lengths. These 
lengths together with other essential dimensions 
of various recommended systems are shown in 
the accompanying table. 

Another type of antenna is known as the 
Marconi antenna. This consists of a wire whose 
total length is one quarter wavelength instead of 
one half wavelength. For 80 meters this means 
a length of about 67 feet. This antenna is shown 
in Fig. 381. When such an antenna is used, the 
remaining output terminal of the transmitter 
must be connected to a ground (such as a water 
pipe) or to another quarter wavelength of wire 
which may be suspended a few feet above the 
ground, as shown in Fig. 38F’. It is not essential 
that the lower wire run exactly under the antenna. 

The table of antenna dimensions also shows 
whether series or parallel tuning should be used, 
that is, whether Cj, should be connected across 
Ly or in series with it and the feed line. 

The antenna may be strung between any exist- 
ing supports, such as trees or buildings, or some 
type of mast may be used. When a feed line is 
used, the antenna may be of No. 12 or No. 14 
antenna wire, while the feed line may be made of 
No. 16 wire to minimize the weight. Plastic 
spreaders are recommended for spacing the feeder 
wires because of their light weight. They can be 
obtained in several different lengths. When the 
feed line is long, the wider spacing will give less 
trouble from twisting. Fairly-strong glass or por- 
celain insulators should be used for the antenna, 
especially if the antenna is to be strung between 
trees. 


Adjustment 


Aside from the 6L6, a 6V6 or 66 may be 
used in the amplifier without circuit change. 
The smaller tubes will not handle as much power 
as the 6L6, of course. 

The power supply should be connected to the 
transmitter. The 80-meter coil should be plugged 
into the amplifier circuit and an 80-meter crystal 
placed in the crystal socket. The antenna-coil 
socket should be empty. With the power turned 
on, and the key plugged in and closed, the 
milliammeter should show a reading (80 to 
125 ma. with a 6L6 and 350-volt supply). Starting 
at maximum capacitance, Cj5 should be adjusted 
rarefully until the plate current dips to a mini- 
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mum. This indicates resonance at the crystal 
frequency. A further decrease in condenser ca- 
pacitance should reveal another slighter dip in 
plate current. This indicates resonance at the 
second harmonic or twice the crystal frequency. 
This setting should be avoided in operating the 
transmitter. 

The 80-meter antenna-coil plug should now 
be connected up for either series or parallel 
tuning as indicated in the table. The coil center- 
tap wire should be disconnected from Pin 3. For 
series tuning the coil end going to Pin 4 should 
be shifted to Pin 3. If parallel tuning is required, 
Pins 2 and 3 should be connected together. 

Now connect one of the feed-line wires to one 
transmitter output terminal. Connect the other 
feed-line wire to one terminal of a dial-lamp 
socket and the other dial-lamp terminal to the 
remaining output terminal, as indicated in Fig. 31. 
If series tuning is required, use a No. 41 (white 
bead) 2.5-volt 0.5-ampere lamp in the socket. If 
parallel tuning is specified, use a No. 48 (pink 
bead) lamp rated at 0.06 ampere. 

Set C5 at minimum capacitance, close the key 
and retune the amplifier to resonance at 80 
meters. The dip in plate current probably will 
not be so pronounced as it was before the antenna 
coil was plugged in. Then adjust Cy, and watch 
the plate current. At some point in the range of 
C,, the plate current should rise to a maximum. 
Adjust Cj, to this maximum. At this point the 
lamp in the feed line should show an indication 
of output. If it doesn’t show at least a glow when 
series tuning is used, try a lamp with a lower 
current rating, such as the No. 46 (blue bead) 
which has a rating of 0.25 ampere. If, on the 
other hand, the lamp burns out with parallel 
tuning, use a Jamp with a higher current rating, 
such as the No. 40 (brown bead) rated at 0.15 
ampere. 

Now readjust C\; for maximum lamp brilliance. 
A slight further readjustment of Cy, and then 
Cis may improve the output. At this point, 
detuning Cs in either direction should show at 
least a slight rise in plate current. If it doesn’t, 
the coupling should be reduced by bending the 
adjustable link away from the antenna coil. Use 
the tightest coupling that will permit a discern- 
ible dip in plate current when Cj5 is tuned 
through resonance. When tuning is completed, 
eer cial lamp may be shorted out with a clip 

ead. 

Yorty-meter output can also be obtained with 
an 80-meter crystal, simply by plugging in the 
40-meter coils and following the same procedure. 
However, the output in this band will be greater 
if a 40-meter crystal is used. Be sure to note from 
the table if there is a change between series and 
parallel tuning in going from 80 to 40 meters and 
wire up the 40-meter antenna-coil plug and 
change the dial lamp accordingly, if required. 

Depending upon the output voltage of the 
power supply, it should be possible to load the 
6L6 up to a plate current of 90 ma. Plate current 
to a 616 or 6V6 should be limited to 50 ma. 
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A 2-Meter Station for the Novice 


Operation on the v-hf. bands has always had 
a special appeal for the experimentally-inclined 
amateur, whether he is a neweomer to the game 
or an old-timer with years of experience on 
lower bands. Up to the last few years this 
appeal has been based at least partly on the 
simplicity of the equipment used in v.h-f. work, 
but increased occupancy and resulting advanced 
techniques have tended to lift v.h-f. gear out 
of the ultrasimple category. 

At the same time, however, better utilization 
of our y.b.f. assignments has opened up new 
opportunities for interesting work in this field. 
Once thought of as useful only for communication 
over purely line-of-sight paths, the 144-Mc. band 
has been the scene of constantly-expanding 
horizons. Today many of our better-equipped 
stations work consistently over distances of 100 
miles or more, with contacts up to several times 
that distance being made when conditions are 
good. It is probable that we have done little more 
than scratch the surface of the opportunities 
open to the enterprising v.h.f. amateur, and 
the fellow who takes his 2-meter work seriously 
has a good chance to make real contributions to 
the record of amateur radio development. 

We have a way of thinking that things that are 


new are necessarily difficult. To combat the idea 
that getting started on 144 Me. is complicated or 
expensive a complete 2-meter station, beginner 
style, is presented herewith. It is not the simplest 
or least expensive 2-meter gear that could be 
built; rather it was laid out with the idea of 
mecting the following objectives: 

1) Practical straightforward design, without 
trick circuits or difficult adjustments. 

2) Lasting usefulness, through adaptability to 
higher power or improved performance as the 
beginner’s interest and skill develop. 

3) Sufficiently good performance to permit the 
user to do interesting work on 144 Me. 

Low cost and a minimum of components were 
kept in mind, but they were secondary to the 
above considerations. The station is composed of 
four main pieces of equipment, as may be seen in 
the composite photograph. There is a transmitter 
rf. section, shown in the upper deck of the rack; 
a modulator unit, including provision for keyed 
tone, seen at the left; a converter, to provide 
144-Mc. coverage when used with any receiver 
that tunes to 7.4 or 10.7 Mc., at the right; and a 
power supply capable of handling the trans- 
mitting and receiving units. This is in the lower 
portion of the rack. 


The Converter 


Though it is, of course, possible to receive 2- 
meter signals with a one- or two-tube superre- 
generative receiver, the converter described 
herewith may be built with little more effort. 
Even when it is used with an inexpensive all-wave 
receiver the performance will be much better than 
is possible with the superregen. It may be used 
with the 4-tube receiver described earlier with 
good results. 

Only two tubes are used — a 6J6 dual-triode 


Transmitter 


mixer-oscillator, followed by a 6AK5 amplifier 
stage. The first half of the 6J6 is the mixer, its 
grid circuit being tuned to the signal frequency by 
Ly and C;, and its plate circuit to the intermediate 
frequency by Ly and Cg. The oscillator is tuned by 
means of Cy, Cs and Ly, in the plate circuit of the 
second half of the 6J6. The vernier dial, attached 
to Cy, is the only control used in the course of 
normal operation of the converter. 

The GAK5 amplifier stage adds somewhat to 


Fig. 39 — A complete two-meter station for the beginner. 
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MIXER—OSC, 


+90V. Regulated 


Fig. 40 — Wiring diagram of the simple 2-meter conyerter. 


Ci — 15-pufd. midget variable (Mille 20015). 

C2 — 100-ppfd. mica or ceramic. 

Cs, Cs — 50-pyfd. mica or ceramic. 

C;— Special split-stator variable, 7 plates per section, 
made from Millen 21935 — see text, 

Cs — 30-pyfd. air-dielectric padder (Silver 619). Alter- 
native: Ceramic trimmer of similar capacitance, 
such as Centralab 820-C, 

Co, Cig — 33-upufd. mica or ceramic. This value is for a 
10.7-Me. i.f. If 7.4 Me. is used, increase to 50 

fd. 

Cz, Co, Cho, Cu — 0.005-pfd. disc-type ceramic (Sprague 
29C-1). 

Ri, Rs —1 megohm, }4 watt. 

Re — 10,000 ohms, 14 watt. 

Rs — 10,000 ohms, 1 watt. 

Ru, Ro, Rio — 1000 ohms, }4 watt. 

Ro — 220 ohms, 14 watt. 


the complexity of the converter, but it makes 
such an improvement in its performance that 
it is well worth the added work and cost. This 
is particularly true if the receiver with which 
the converter is to be used is one of the lower- 
priced models having somewhat low sensitivity. 
If one is fortunate enough to have a high-grade 
communications receiver the if. stage may 
be omitted from the converter with only a 
slight loss in effectiveness, but even with such 
receivers the gain-control feature inherent in the 
amplifier stage is very useful. 


Fig. 44 — Front view 
of the 2-meter converter, 
The oscillator tuning 
(vernier dial) is the only 
adjustment used in nor- | 
mal operation. The 
shields at the back of 
the chassis house the 
mixer and i.f. amplifier | 
plate-coil assemblies. 


R; — 2000-ohm wire-wound potentiometer. 
Rs — 22,000 ohms, 1 watt. 
Ii—2 turns No. 14 enamel, %-inch diameter, close- 


wound, with 22-inch leads. Insert between turns 
of La. 

I2—Same as Li, but turns spaced 1 inch. Mount 
directly on Ci, with shortest possible leads. 

Lz — Loop No. 12 tinned wire, 1 inch long and 14 inch 
wide. Solder directly to stator bars — see photo. 

In, Ls — 7.4 Me.: 22 turns No. 22 d.s.c., close-wound on 
National XR-50 slug-tuned form. 10.7 Me.: 20 
turns. 

Le — 3 turns No. 22 d.s.c., close-wound at cold end of Ls. 

Ji — Antenna terminal (Millen 33102 crystal socket). 

J2— Lf. output terminal (Jones J-201). Coaxial fitting 
for the cable, not shown, is Jones P-201 

Pi — 5-prong plug (Amphenol 86-CP5). Matching cable 
fitting is Amphenol 86-PM5. 


Mechanical Details 

A good rule to follow in laying out any kind of 
radio gear is to start with a somewhat larger 
chassis and panel than you think you'll need. 
With plenty of room to work in a neater job can 
be done, and the equipment will be easy to 
service, should trouble develop later on. This 
principle was followed throughout the design of 
this 2-meter station. It could have been built in a 
fraction of the space, but the open construction 
used results in a clean uncluttered look and 
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makes the details easier to follow. Closely- 
packed designs are required in some instances, 
but they are an invitation to trouble, especially 
for the beginner. 

All parts are standard components, readily ob- 
tainable in most localities, and detailed layout 
drawings are provided so that the constructor 
may make an exact duplicate if he so desires, In 
some instances, however, the dimensions are not 
particularly critical, and other parts of similar 
characteristics may be substituted, even 
though some variation in layout may be required. 
Points where dimensions are important will be 
emphasized in the text. The layout drawings, 
Fig. 42, show the positions of the holes in the front 
panel, the top of the chassis, and the rear of the 
chassis, in the order that they would be seen in 
picking up the unit and rotating it about its long 
axis. 

Looking at the front-view photograph, we see 
the vernier dial (National BM) at the right. 
Notice that a large knob (National HRI) has 


FRONT PANEL 


TOP VIEW OF CHASSIS 


BACK VIEW OF CHASSIS 


Fig. 42— Layout drawing of the front panel and 
chassis used in the 2-meter converter. If the constructor 
has duplicates of the parts used in the original model 
these dimensions may be followed to produce an exact 
duplicate. Views show the panel and chassis as they 
appear when the unit is picked up and rotated about 
its long axis. 
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been substituted for the small one normally sup- 
plied with the dial. This helps to smooth out the 
tuning, a feature that will be appreciated when 
the receiver is used for extended operating 
periods. Also mounted on the front panel are the 
mixer tuning condenser, Ci, and the potentio- 
meter, /?7. These are normally adjusted to the 
proper setting when the converter is placed in 
service and seldom used thereafter. 

Looking at the rear of the unit, we see the 6J6 
socket, mounted bottom up, so that the tube 
projects below the chassis. It is important that 
this part of the layout be followed closely, as the 
length of leads in the mixer and oscillator circuits 
are quite critical. 

On the back wall of the chassis are the antenna 
terminals (a standard crystal socket), the power 
plug, and the coaxial fitting for the i.f. output. 
Note that removable plug fittings are used for the 
eabling between units. Some economy could be 
effected by wiring the units together, but the 
detachable fittings add greatly to the ease of 
setting up or dismantling the station. If the gear 
is to be used in various locations such as in Field 
Day operation, this feature will be very helpful. 

The oscillator tuning condenser, Cy, requires 
some revision. It is made from a Millen 21935 
double-spaced variable, originally a single-section 
type. The two bars on which the stationary plates 
are mounted are sawed through at points just 
inside the fifth stator plate from each end. The 
three rotor plates at the middle and two at each 
end of the rotor assembly are pulled out, and the 
end plate on each stator assembly is removed. 
This leaves a split-stator condenser having three 
rotor plates and four stator plates in each section. 
By suitably modifying the layout, other split- 
stator variable condensers may be used. One rec- 
ommended type is the National VHF-1-D. 

The tank inductance, Zs, is soldered directly to 
the stator bars, as is the air-dielectric padder con- 
denser, Cs. The use of a stable type of trimmer is 
important in the latter position. If the air padder 
used in the original model is not available, one of 
the ceramic-type variables should be substituted. 
Do not use a mica-dielectric padder. Both the 
panel-mounted variables are spaced away from 
the panel by mounting sleeves a half inch long. 
The holes in the panel should be large anough so 
that the rotor shafts do not touch the panel. The 
ground connection to the rotor is made by solder- 
ing a short piece of wire from the rotor spider to 
the mounting stud just below it. It is important 
that all parts of the oscillator circuit be com- 
pletely rigid, as the smallest movement will 
cause a variation in oscillator frequency. Me- 
chanical stability in the oscillator tank circuit is 
aided by making the dropping resistor, R3, serve 
as support for the tank inductance. The power 
lead is brought through the chassis on a feed- 
through bushing to which the dropping resistor 
is attached. 

The 6J6 socket is mounted with the heater 
terminals, Pins 3 and 4, toward the oscillator 
tuning condenser. Fixed condensers C2 and C; 
and resistors R, and Rp» are wired into position 
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Fig. 43 — Rear view of the converter, showing the position of all the components above the chassis. The leads 
visible in this view are critical as to length, and the layout shown should be followed closely for best results. 


with the shortest possible leads. The heater lead 
and the lead to Cg are run through two holes 
drilled in the chassis adjacent to the socket 
terminals. The lead to the mixer plate coil, Ly, 
is run through a hole drilled in the side of the 
shield can. 

The coil shields are Millen 80003, originally 
four inches long, cut down 214 inches, Shorter 
shields may be obtainable, climinating the cut- 
ting operation. The spade lugs can be drilled out 
of the cut-off part and used for mounting the 
shields to the chassis. ‘The plate coils, Ly and L;, 
have their core-adjusting screws projecting 
through the chassis. Leads to the windings are 
brought through chassis holes, except for the 
mixer plate lead, which is run through the side of 
the shield, as explained above. The forms have 
only two terminals and a ground lug, so the top 
end of Z, must be held in place with a drop of 
household cement. The turns of Zs may be 
wound over Ls and the ends of the wire wrapped 
around the other terminals temporarily while the 
cement is drying. 

Wiring may be done with insulated wire of 
the push-back variety, or bare wire of about size 
20 may be used, slipping spaghetti over the wires 
for insulation where it is needed. Use of tie- 
points at junctions of several wires makes for 


neat and rugged assembly. Three of these were 
used in the converter: a two-terminal strip 
mounted on one of the screws of the first i-f. 
shield, as a junction for the plate-voltage leads; 
and two single-terminal plates, one on the 6J6 
socket and the other on one of the mounting 
screws for the second i.f. shield. 


Adjustment and Operation 

Before any attempt is made to operate the 
converter it is advisable to check through the 
wiring carefully to sce that no mistakes have been 
made and no connections omitted. Any power 
supply delivering 90 to 150 volts d.c. and 6.3 
volts a.c. may be used for testing the converter. 
The power supply to be described later includes 
provision for the converter, but the initial tests 
may be carried out with any supply capable of 
delivering the above voltages. Two 45-volt B 
hatteries may even be used for plate supply. 

Apply the heater voltage, 6.3 volts a.c. first, 
making sure that the tubes light up. The 6J6 will 
show its heater plainly when it warms up. The 
6AK5 heater will not be so easily discernible, as 
it is almost completely shielded by the other ele- 
ments of the tube. It will become noticeably warm 
to the touch, however, if the heater is drawing 
the proper current. 
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Next we check the operation of the oscillator. 
A meter (anything from 0-25 to 0-100 ma. will 
do) will be handy, though not absolutely neces- 
sary here. Connect the meter between the bottom 
of Rs and the B-plus source and note the current 
being drawn. If the tube is oscillating the current 
will probably be between 5 and 10 ma., and it 
will rise if the oscillator inductance, Zs, is touched 
with a pencil lead. To check the frequency of the 
oscillator you will need some sort of absorption- 
type wavemeter or other indicating device. A 
Millen 90609 or 91610 will be fine for this pur- 
pose, or you can make one of your own out of 
any small variable condenser and a few turns of 
wire. The frequency of any r.f. power source in 
the v.h.f. range can be measured by means of 
Lecher wires, the construction and use of which 
are explained in all recent editions of the Radio 
Amateur’s Handbook. The beginner in the v.h.f. 
field will do well to familiarize himself with 
Lecher-wire technique, as he will find frequent 
use for it. Calibration of a homemade wavemeter 
is one example. 

When used for checking frequency either 
Lecher wires or an absorption-type wavemeter 
will cause a rise in plate current when tuned to 
the oscillator frequency. If a power supply with 
a gaseous regulator tube is used the glow in the 
tube will be seen to change as the wavemeter is 
tuned across the oscillator frequency. This is one 
way of ehecking frequency if no plate meter is 
available. The wavemeter or Lecher-wire cou- 
pling should be as far away from the oscillator 
circuit as possible and still cause a visible 
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indication, for most accurate measurement. 

The oscillator is adjusted to the proper tuning 
range by means of the padder condenser, Cs. This 
will be lower than the signal frequency by the 
value used for an intermediate frequency. Use of 
10.7 Me. is suggested, as this is the RMA stand- 
ard for converter service. Some communications 
receivers tune the amateur bands only, however, 
so provision is made in this converter design for 
using an if. at the high end of the 7-Me. band, 
preferably 7.3 to 7.4 Mc. Values of Ly, Ls, Cy and 
C2 are given in the parts list for both frequencies. 
The range of C; is more than adequate to take 
care of either frequency. The complete tuning 
range of the oscillator should be about 6 mega- 
cycles, to allow some leeway at each end of the 
band. For a 10.7-Me. i.f. this will mean that the 
oscillator should tune approximately 132.3 to 
138.3 Me. With a 7.4-Me. i.f. the oscillator range 
should be about 135.6 to 141.6 Me. 

Now connect the coaxial cable from the con- 
verter output to the antenna terminals of the 
receiver with which the converter is to be used 
and set the receiver dial at the frequency to be 
used for the if. Turn the converter gain control 
toward maximum position. If everything is work- 
ing correctly there should be some increase in 
receiver noise as the gain is advanced, even 
though the if. coils have not been peaked. 

Setting these coils to the proper inductance is 
the next step. A signal generator is helpful for this 
but it is not necessary, as it may be done by 
merely turning the core screws to the point of 
maximum receiver noise. If this occurs with the 


Feed-through 
Bushing 


Fig. 44 — Ybottom view, showing the components that are less critical as to placement and lead length. 
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core screw at the all-in or all-out position, the 
inductance of the coil is too low or too high, re- 
spectively. This may be corrected by increasing 
or decreasing the number of turns on the main 
winding, or by increasing or decreasing the value 
of the fixed condenser connected across it. The 
actual frequency used is not important, so it 
may be shifted one way or the other to compen- 
sate for variations in coil inductance or padder 
capacitance, if desired. 

When the mixer and if. amplifier plate coils 
have been tuned to the proper frequency we are 
ready to receive signals, the only further adjust- 
ment being the peaking of the mixer grid-circuit 
trimmer, C}. This is not critical, however, and a 
fairly strong signal will be heard regardless of 
where this control is set. Best results will be ob- 
tained if this is peaked for maximum response on 
a signal near the middle of the band, after which 
it will not usually be necessary to readjust it. 
The peaking should be done with the antenna 
with which the converter is to be used connected 
at the time, as changes in the antenna system 
may make it necessary to readjust the control 
slightly. Adjusting C; causes slight shifts in oscil- 
lator frequency, so Cy should be swung back 
and forth across the signal as C; is peaked. 
This two-handed adjustment, familiar to all 
radio servicemen, may require a little practice 
at first. 

That’s about all there is to it, and you are 
ready to listen in earnest. If your locality is one 
where there is extensive 2-meter activity, you 
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will probably hear somethi ing on the e 
meter band almost eae 5 even with te 
simplest sort of antenna. In rural districts, Ord 
locations surrounded by high hills, you MY ali 
that no signals are audible under ordinary core 
tions. A high-gain beam antenna and considera t 
patience may be required in such instances, uy 
experience has shown that 2-meter operatlon a, 
possible in many locations that appeat hopelesr 
at first. The members of your local radio club ) 
probably know who is active on 144 Mc. locally, 
and the v.h.f. section of QST carries extensive 
reports of 2-meter doings in many parts of phe 
country. Generally speaking there is more a 
meter activity and better DX during the spriD# 
summer, and fall than there is in the coldest 
months, but considerable operation goes 0? i 
many areas on a year-round basis. In an averse 
location it should be possible to hear stations UP 
to about 50 miles, regardless of weather condi- 
tions, and signals out to several hundred miles 
may be heard when conditions are right. 

This converter has been designed to give good 
2-meter reception with a minimum of complica= 
tion. It is nearly equal in performance to the best 
that it is possible to build, and it may be made to 
hold its own in top-flight company ‘by the addi- 
tion of a low-noise r.f. amplifier. The 2-meter 
beginner who becomes a dyed-in-the-wool addict 
may want to take this step eventually, but near 
while he will have a smooth-working receiver that 
will enable him to hear anyone he can work with 
low power, and probably a good deal more. 


The Transmitter RF. Section 


In designing a crystal-controlled transmitter 
for 144 Me. we can use a low-frequency crystal 
(6 or 8 Me.) and several frequency-multiplier 
stages to get to 144 Mc., or we can start with a 
higher crystal frequency and employ fewer multi- 
plying stages. The former approach has the merit 
of permitting the use of inexpensive crystals, but 
the high-frequency crystal technique used here 
makes for simpler design. It is possible to obtain 


4 


Fig. 45 — Top view of 
the 2-meter transmit- 
ter. 6J6 tubes are used 
throughout, the two in 
the output stage being 
connected in push-pull- 
parallel. 


crystals for frequencies higher than 24 Mc., but 
they are quite expensive and somewhat critical 
to use. The 24-Me. erystal is a good compromise 
between these two extremes. 

The transmitter described here was designed 
to be duplicated at moderate cost, and with @ 
minimum of trouble, by the inexperienced ama- 
teur. It is capable of running about 15 watts 
input, enough power to work out on 144 Me.; and 
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+250. DC. (Modulated 


—L. —250 V. D.C. 
= 63V.AC. 


Fig. 46 — Wiring diagram of the 2-meter r.f. unit, 


Cy — 50-uufd. midget variable (Millen 20050). 

Cy — 15-ypfd. midget variable (Millen 20015). 

Cs, Cy — 6-pufd. butterfly-type variable (Cardwell 
2R-6-BFS). 

Cro, Crs — 0.005-pfd. dise-type ceramic (Sprague 
9C-4). 

ufd. ceramic or mica. 
-ppfd. ceramic or mica, 
3-30 ppfd. mica trimmer (Millen 40001-2), 
(ohms, 1 watt. 

Rz, Rs — 6800 ohms, 34 watt. 


y walt. 


R; — 2700 ohms, 34 ~ 

Rs — 1000 ohms, 1 watt. 

1; — 18 turns B & W Miniductor No. 3003, 

L:—3 turns of above. L: and Lz made from a single 
coil — see text and photograph. 


it may be used, without modification, as a driver 
for a higher-powered amplifier at a later date. A 
single low-cost tube type, the 6J6, is used through- 
out, and the components are all standard parts 
that should be obtainable readily in almost any 
location. The circuit is straightforward and ad- 
justments are not particularly difficult. 


Electrical and Mechanical Details 

As is often the case with such equipment, the 
circuit diagram, Fig. 46, looks more complicated 
than does the equipment itself, but if we take it 
stage by stage we should not find it hard to fol- 
low. The first 6J6 is used as a combination of 
erystal oscillator and frequency doubler. The 
first triode section is a regenerative crystal oscilla- 
tor of noncritical design, the regeneration being 
added to insure quick crystal starting and 
adequate power output from the oscillator sec- 
tion. The crystal is a 24-Mc. harmonic-type unit. 
Output is capacity coupled into the second 
section, which acts as a doubler to 48 Me. 

The second plate circuit is double-ended, per- 
mitting the use of capacity coupling to the grids 
of a second 6J6 operating as a push-pull tripler 
to 144 Me. The output of the tripler is inductively 
coupled to the grids of a pair of 6J6s connected 
in push-pull parallel and operating as a neutral- 
ized amplifier on 144 Mc. A single 6J6 could be 


Ls—15 turns B & W Miniductor No. 3003, center- 
tapped. 

I4—3 turns each side of center tap, No. 14 enamel, 
14-inch inside diameter, turns spaced half wire 
diameter, Leave 4¢-inch space at center for Ls. 

Ls— 3 turns No. 18 enamel, }4-inch diar or, spaced 
wire diameter, center-tapped. 

1¢6— One turn each side of center, 7§-inch diameter, 
No. 14 enamel, Leave %-inch space at center 
for Lz. 

Ly —2 turns No. 14 enamel, 72-inch diameter, spaced 
wire diameter. 

Jy, Je, Ja — Closed-circuit jack. (J2 insulated from chassis.) 

Jy — Antenna terminal erystal socket (Millen 
33102). 

PP; —6-prong retainer-ring plug (Amphenol 86-CP-6). 

REC:, RFCs— No, 24 enameled wire closc-wound on 
l-watt resistor, or Ohmite Z-144 r.f. choke, 


used, but the arrangement shown gives some- 
what more output and results in longer tube life 
than would be the case if a single tube were used 
and run at maximum ratings. Closed-circuit jacks 
are included in the cathode circuits of the tripler 
and final stages and in the grid circuit of the final, 
to permit metering these stages during the ad- 
justment process. Note that J2 (final grid cur- 
rent) is insulated from the chassis by bakelite 
washers. This is done to avoid the necessity for 
reversing meter connections. 

Looking at the front-view photograph we see 
the crystal at the left, followed by the oscillator- 
doubler, tripler, and final tubes, in that order. 
The two knobs on the front wall of the chassis are 
the controls for the oscillator and doubler plate 
tuning condensers, C; and C2. The knobs on the 
top of the chassis are on the shafts of the tripler 
plate condenser, C3, and the final tuning conden- 
ser, Cy. The jacks are spaced along the front wall, 
and the antenna terminal (a standard crystal 
socket) is at the far right. Identification of the 
components in the bottom view follows in the 
same order, and the arrangement of the coils and 
other smaller parts is fairly obvious. 

Detailed layout drawings are given so that the 
constructor can make an exact duplicate if he 
wishes to do so, provided he has parts that are 
the same as those used in the original. Much of 
the construction is not critical, however, and 
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parts that are not mechanical duplicates of the 
original can be used with good results. Lead 
lengths are important in the 144-Me. circuits, 
however, and the general arrangement of the 
parts in the tripler and final circuits should be 
followed closely. The chassis used is larger than 
is really necessary, but it gives plenty of room to 
work and results in a neat-looking and accessible 
layout. ; 

Coil leads and other r.f.-carrying wires should 
be as short and direct as possible. Other wiring 
(power leads) may be arranged to suit one’s 
fancy. Ready-wound coils made from B & W 
Miniductor are used for Z,, Lo and L3. The others 
are wound by hand, of enameled wire. 2, and Ly 
are made from a single piece of Miniductor 
having 23 turns, with about two inches left at 
each end for leads. The wire is then cut at the 
fourth turn in from the end, and one turn is un- 
wound in each direction from the cut. This leaves 
18 turns for Z; and 3 turns for Lg, and takes care 
of the proper spacing between the two windings. 
This spacing is fairly critical, as it controls the 
amount of regeneration, but the correct adjust- 
ment is assured if the method of making Z, and 
Ly outlined above is followed. 

“Spacing between the tripler plate coil, Z4, and 
the amplifier grid coil, 5, is also important, and 
L; should be mounted so that it may be moved 
into or out of the space at the center of Ly, as 
explained in the adjustment procedure, The same 
is true of Ly and Ly. 

Variable condensers C, and C2; are mounted on 
half-inch spacers, to bring their terminals out 
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toward the middle of the chassis and reduce lead 
length. The rotors are ungrounded, so care should 
be taken in mounting the condensers to see that 
there is adequate clearance around the shafts, 
Also, it should be noted in this connection that 
knobs made of insulating material should be 
used, as there is B-plus on the rotors. The butter- 
fly-type variables used in the tripler and final 


plate circuits have their rotors grounded to the 
chassis. 


Adjustment and Testing 

The power supply to be used for testing the 
transmitter unit should be capable of delivering 
150 to 250 volts d.c. at 100 ma. or more, and 6.3 
volts a.c. at about 2 amperes. The power supply 
described later meets these requirements, but 
for test purposes almost anything that delivers 
250 volts or less may be used. Initial checks may 
be made with 150 volts without worrying about 
harming the tubes if adjustments are not made 
correctly, so it may be desirable to connect a 
2000-ohm 10-watt resistor in series with the plate 
supply, if 250 volts is used. This may be shorted 
out when the adjustments are completed or when 
a check under full voltage is desired. 

Throughout the test procedure the 6J6 plates 
should be watched closely for signs of overheat- 
ing. If there is any tendency to show red on the 
plates the equipment should be turned off at 
once, as the 6J6s will not stand excessive plate 
dissipation for long. Reduce the plate voltage, 
if necessary, before continuing. This may be done 
by using a series resistor larger than 2000 ohms 


i i i i ts are spaced out for easy assembly 
Fig. 47 — Under the chassis of the simple 2-meter transmitter. Componen' { 
and Aa etnents Two parts do not show in the photograph. They are Cs and Aj, out of sight under the doubler 


plato coil, La, 
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in the power lead. Do not apply heater and plate 
Voltages simultaneously; it will ruin the 6J6s in 
short order. Be sure that the tubes are fully 
warmed up before applying plate voltage. 

_ Operation of the oscillator should be checked 
first, and this may be done by applying plate 
Voltage to the first 6J6 section only, at Rj, dis- 
connecting the other B-plus leads. Connect ao 
meter (0-50 or 0-100 ma.) in series with 2, 
and rotate C, with plate voltage applied. If the 
oscillator works correctly there will be a dip in 
plate current as the oscillator starts, with maxi- 
mum output occurring near the point where the 
current is lowest. If a calibrated receiver capable 
of tuning to 24, 48 or 144 Me. is available, listen 
to the quality of the oscillator note with the re- 
ceiver b.f.o. on. It should be a clear, musical note, 
and the frequency should change only slightly as 
C, is adjusted. If there is a continuous change 
in frequency, or if the note is rough, the oscilla- 
tion is probably not being controlled by the crys- 
tal. There should be no trouble on this score if 
the details given for layout and coil dimensions 
are followed closely. Monitoring may be done 
with the converter described earlier. 

The crystal should be for a frequency between 
24 and 24.66 Me.. for operation between 144 and 
148 Mc., or 24.16 to 24.49 Mc., for use between 
145 and 147 Me., the limits for novice-class 
licensees, The one used in the original model 
is a Valpey CM-5. Another is the Bliley AX-3. 
These crystals, and recent products of other 
manufacturers, are quite stable. Some harmonic- 


Fig. 48 — Layout drawing of the chassis for the 2- 
meter transmitter. The large view is looking down at the 
top of the chassis, with the front wall below and the rear 
wall above 
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type crystals made prior to 1948 may, how- 
ever, be rather unstable, particularly if the 
crystal current is high. Otherwise they should 
work about the same as the newer types in this 
circuit. 

Some sort of r.f. output indicator will be needed 
from here on. The simplest is made by soldering 
a one- or two-turn loop of insulated wire to the 
terminals of a 2-volt 60-ma. pilot lamp. When 
this loop is held close to a circuit carrying r.f. 
the lamp will glow. With 150 volts applied to the 
stages in this transmitter it should be possible to 
get some visible indication when the circuits are 
properly tuned. With higher coltages care should 
be used in coupling the loop to circuits, as the 
60-ma. bulb can be burned out very quickly if 
it is lighted to more than normal brilliance. 

Maximum output will also be nearly coinci- 
dental with minimum plate current, but maxi- 
mum grid current in the stage following the one 
under test is the best indication. The pilot lamp 
method may detune the stage somewhat so it is 
useful principally as a check to see if the stage is 
working, rather than as an exact indicator of 
resonance. If a low-range milliammeter (0-10 ma. 
or so) is available, it may be connected between 
R; and ground, to measure the grid current in 
the second 6J6 triode section to check the tuning 
of Ch. 

When the oscillator is working properly, apply 
plate voltage to the doubler, through Ry, and 
adjust Co for maximum output as indicated in 
the 6J6 tripler stage. This can be measured in Jj, 
if no plate voltage is applied to the stage through 
RFC. Next apply plate voltage to the tripler, 
through the r.f. choke, and adjust C3 for maxi- 
mum output, as indicated by the pilot lamp 
coupled to Z,;. The bulb should glow brightly if 
200 volts or more is used on the plates of the 
tripler stage. 

Now plug a milliammeter (0 to 10, or more) 
into J) and check the grid current to the final 
stage. Adjust the position of Z; with respect to 
Ly, retuning C; carefully each time the coupling 
between these coils is changed. The position of 
I; will be found to be quite critical, and it should 
be set at the point that gives maximum grid 
current in the final stage, though the exact posi- 
tion need not be found at this stage of the 
game. 

Before plate voltage is applied to the final 
stage, it must be neutralized. Because it is a 
triode amplifier there is sufficient feed-back 
through the grid-plate capacitance of the tubes 
so that the stage will oscillate unless this grid- 
plate feed-back is neutralized. So, we feed some 
voltage of opposite phase back from plate to 
grid, through the neutralizing condensers, Cj; 
and Cj). These are the small mica or ceramic 
trimmers that can be seen in the bottom-view 
photograph, between the tube sockets and the 
final tuning condenser. 

If mica padders are used, as in the original, 
they should be screwed down tight and then 
opened slowly, an equal amount on each side, 
until turning Cy produces no change in grid cur- 
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rent as the circuit is tuned through resonance. 
This check is made without plate voltage on the 
final. If the stage is not correctly neutralized 
there will be a sharp downward dip in the grid 
current as resonance is reached. There may be 
just a perceptible rise in grid current at reso- 
nance, but there should be no downward dip 
whatever. 

When this condition is obtained plate voltage 
may be applied and C4 tuned for maximum out- 
put, as indicated by a lamp connected across the 
antenna terminals. Two short pieces of wire can 
be soldered to the terminals of a 10- or 15-watt 
lamp, and this used as a dummy load by plugging 
into J4. With full voltage (250 volts) a 10-watt 
lamp should show nearly full brilliance, and a 
15-watt bulb will glow a bright yellow. 

Thus far we have purposely said nothing about 
the current values that should be obtained in the 
various stages, as it has been assumed that the 
tests outlined would be conducted with voltages 
somewhat below normal, in the interest of safety, 
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in case some portion of the rig might not be work- 
ing correctly. Now we are ready for a final ad- 
justment, for normal operating conditions. A 
maximum of 250 volts should be used for al} 
stages and the adjustments checked to see that 
they are at optimum all the way along the line, 
If everything is working correctly the readings 
should be something like this: oscillator plate 
current 12 ma., measured in series with f,; 
doubler plate current 16 ma., measured in series 
with 24; tripler cathode current 30 ma., measured 
in J}; final grid current 12 ma., measured in Jo; 
final cathode current 55 ma., measured in J3. Of 
this final cathode current, only 43 ma. (cathode 
current minus grid current) is plate current, and 
that figure multiplied by the plate voltage gives 
the final-stage input. It should be around 10 
watts, with the power supply described, and not 
more than 15 watts under any condition. This is 
well within the ratings for the 6J6s, yet is enough 
power to have a lot of fun on 144 Mce., or to drive 
a higher-powered amplifier later on. 


The Modulator 


As most operation on 144 Me. is by means of 
voice (A3 emission) or tone-modulated teleg- 
raphy (A2), it is necessary to have a modulator as 
part of our 2-meter station. A suitable modulator 
design is shown in the first photograph, and the 
schematic diagram is given in Fig. 50. The modu- 
lator is nothing more than a common audio 
amplifier, with an output transformer of suitable 
design so that the power input to the final stage 
of the transmitter may be modulated (varied) in 
proportion to the variations in level of the 
operator’s voice. The only essential difference 
between the modulator and an audio system such 
as used in a receiver or a phonograph amplifier is 


6SN7GT 


Fig. 49 — Modula- 
tor for the 2-meter 
station. 


in the type of output transformer used. In our 
modulator the output transformer {7')) is de- 
signed to carry the current to the final stage of 
the transmitter through its secondary winding. 
The audio voltage developed in the modulator 
is thus added to or subtracted from the voltage 
impressed on the final stage — a simple explana- 
tion of the modulation process. 

Only three tubes are used in the modulator. 
The first is a 6SN7GT dual triode, the first sec- 
tion of which is connected as a grounded-grid 
amplifier, with the microphone inserted in its 
cathode lead. This very simple arrangement does 
away with the necessity for a microphone trans- 
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Fig. 50 — Wiring diagram of the modulator for the 2-meter station, 


Cy — 0.01-pfd. disc-type ceramic. 
Cz— 25-pfd. 25-volt electrolytic. 
Cs — 0.003-pfd. tubular. 

Ri — 47.000 ohms, 15 watt. 

Re — 0.5-megohm potentiometer. 
Rz— 1500 ohms, 1 watt. 

Ry — 250 ohms, 10 watts. 


former, and also takes care of the current neces- 
sary for the operation of a carbon microphone. 
These are, in fact, the reasons for the use of the 
stage at all as the following triode amplifier pro- 
vides more than enough gain for the 6V6GT 
modulators. 

The potential! output capability of the modula- 


Ji, J2 — Open-cirenit jack. 

P; — Retainer-ring type plug, 8-pin male (Amphenol 
86-CP-8). 

T: — Small input transformer, single plate to push-pull 
grids (Stancor A-4713). 

Ts — Modulation transformer, push-pull 6V6s to 5000- 
ohm load (Stancor A-3845). 


tor is considerably in excess of the requirements 
of the transmitter. It was considered advisable 
to design it in this way so that, with minor 
changes, it could be use dwith a higher-powered 
transmitter at a later date if desired. The output 
transformer has a 25-watt rating, so the modul- 
lator could be used with a transmitter of 50 


Fig. 51 — Bottom view of the modulator, The GSN7GT socket is at the right. Extra leads to the modulation- 
transformer secondary are taped together at tho loft. 
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Fig. 52— Power 
supply for the 2-meter 
station. This one unit 
delivers the necessary 
a.c. and d.c. power for 
the transmitter, modu- 
lator and converter. 


watts or more, by using 6L6s and slightly alter- 
ing the operating conditions. There is no harm in 
having an oversized modulator, so long as the 
operator is careful to keep the gain control (R2) 
set for only as much power output as is needed 
to modulate the power input being used. 

It is often desirable to be able to transmit in 
code when working on 144 Mc. Use of a keyed 
tone of constant pitch provides a somewhat more 
readable signal under adverse conditions than 
does voice modulation, and communication with 
this type of modulation (usually called m.c.w.) 
is an excellent way to build up one’s proficiency 
with the code. Fortunately, inclusion of tone 
modulation is possible with almost no increase 
in complication or cost, by merely providing a 
means of feed-back in the modulator. The con- 
denser C3 is used for this purpose, feeding back 
energy from the modulator output into the 
primary of the input transformer. The key is 
plugged into J, (note that this jack is insulated 
from the panel). It may be left there permanently, 
if so desired, and tone modulation is thus con- 
stantly avaialble. The pitch of the tone may be 
varied by changing the value of the feed-back 
condenser, C3. 

Construction of the modulator is extremely 
simple, and almost no special precautions are 
necessary. The heater leads and the leads to the 
gain control were wired with shielded wire, to 
forestall any chance of r.f. feed-back or hum 
pick-up, but this is probably not absolutely 
necessary in such a simple circuit. Nothing about 
the parts arrangement is critical, and almost any 
convenient layout may be used with good results. 
Other tubes and different components may also 
be used. For example, if one wants to build a 
smaller unit, miniature tubes (12AU7 amplifier, 
6AQ5 modulators) may be substituted, and a 
smaller output transformer may be used. The 
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layout shown has the advantage of being con- 
verted easily to higher-power service, however. 
Operation of the modulator will be covered iater, 
in the discussion of the final set-up for the com- 
plete station. 

Full modulation and best quality are possible 
only if the modulator is “matched” to its load. 
The transformer used in this equipment has 
secondary taps for impedances of 8000, 6500, 
5000, and 3000 ohms. The load impedance that 
the amplifier presents to the modulator is found 
by Ohm’s Law. Simply divide the final plate 
voltage by the plate current. In this instance we 
have the plate voltage, 250, divided by the plate 
current, 0.05 amp., or a load impedance of ap- 
proximately 5000 ohms. If a transformer other 
than the one specified is to be used, be sure that 
it is capable of working into a load of approxi- 
mately 5000 ohms. 


Power Supply 

Power-supply equipment is something that 
everyone must have to run a station, regardless 
of the type of operation he engages in. And we all 
need low-voltage supplies, too, so it pays to build 
a good one right at the start. There will always 
be uses for it later on. The power supply for our 
2-meter station handles both the transmitter and 
the receiver, switching of the various circuits 
being handled by a control unit, shown in the com- 
posite photograph of this series. Details of the con- 
trol unit and cabling system are shown in Fig. 54. 

Looking at the schematic diagram of the power 
supply, Fig. 53, it may be seen that a 2-section 
filter system is used, but the second section sup- 
plies only the converter and the speech amplifier. 
These stages require better filtering than do the 
modulator tubes and the transmitter r.f. section, 
but they draw only a small amount of current, 
permitting a small inexpensive filter choke (Le) 
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000 ohms, 10 watts. 

D0 ohm, 10 watts. 

1; — 7-hy. 150-ma. filter choke (Stancor C-1710). 

L2— Any small filter choke, 59-ma. or more rating. 

J; — Retainer-ring type plug, 6-pin female (Amphenol 
78-S6). 


to be used in the second section. The first filter 
choke, Z,, must be of larger construction, as the 
entire current drain of the station runs through it. 

More stable operation of the converter is 
possible if its plate voltage is maintained at a 
constant value, regardless of load and line-voltage 
variations. This is accomplished with a gaseous 
voltage-regulator tube, the output of which is 
used on the converter tubes only, Hither a VR-90 
or a VR-105 may be used. 

Two toggle switches control the operation of 
the power supply. One is connected in the pri- 
mary circuit of the power transformer and the 
second in the lead to the rectifier filament center 
tap. It is thus possible, by means of Sy, to have 
the 6.3 volts a.c. applied to the tubes in the trans- 
mitter, receiver and modulator, and still have no 
high voltage applied to any of these units. The 
primary switch, S;, is closed first, allowing the 
tubes to reach operating temperature, before S; 
is thrown to the “on” position. Be sure that this 
process is always followed, as application of the 


Receive 


— Dual 8-pfd. 450-volt electrolytic condenser. 


Transmil 
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_ Fig. 53 — Schematic 
diagram of the power 
supply. 


Py — Retainer-ring type 115-volt receptacle (Amphenol 
61-M). 

Si, S52 — Single-pole single-throw toggle switch. 

Ti — Power transformer: 700 volts at 200 ma., center- 
tapped; 5 volts at 3 amp., center-tapped; 6.3 
yolts at 5 amp. 


plate and heater voltages simultaneously will 
damage the 6J6 tubes in the transmitter. 


The Control Panel 

Arranging a satisfactory control system is one 
of the most difficult jobs in assembling a satis- 
factory station for some amateurs. Ideally, the 
complete operation of the station should be con- 
trolled from one switch, the functions of which 
include turning on the transmitter, cutting off 
the receiver, and switching the antenna from 
one unit to the other, all in a single motion. In 
large amateur stations these functions are usually 
accomplished (in an infinite variety of ways) by 
means of one or more relays, operating from the 
main control switch. In our set-up we handle the 
job with a single inexpensive selector switch 
capable of connecting four leads to either of two 
positions. 

A glance at the diagram of the control circuits, 
Fig. 54, will show how this is done. The main con- 
trol switch .S;, carries two circuits for the an- 
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Fig. 54 — Diagram of the cabling system used to supply power to the various units in the 2-:meter station. 


J; — Antenna terminal — standard crystal socket (Mil- 
len 33102), 

Jz— Multiwire cable connector, 5-pin female (Am- 
phenol 78-PF5). 

Js— Multiwire cable connector, 6-pin female (Am- 
phenol 78-PF6). 

Jé— Multiwire cable connector, 8-pin female (Am- 


phenol 78-PF8). 

P; — Multiwire cable connector, 6-pin male (Ampheno' 
86-PM6). 

P2, Ps — 300-ohm line plug (Millen 37412) 

Sia, B, Cc, D — 4-circuit 2-position rotary switch( Mullory 
32423). 

Sz — Single-pole single-throw toggle switch. 
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Fig. 55 — Bottom view of the power supply. 


tenna, one for the high voltage for the trans- 
mitter, and one for the regulated voltage for the 
converter. When the switch is in the “transmit” 
position, as in Fig. 54, it will be seen that all the 
transmitter circuits are supplied with the neces- 
sary voltages through S)q, and the antenna is 
connected through the switch to the transmitter 
terminals through sections a and b. if Sz is left 
open there will be no plate voltage on the re- 
ceiver circuits. Then, when we throw the control 
switch to the “receive” side the transmitter is 
disabled, the plate voltage is applied to the re- 
ceiver through S,, and the antenna is connected 
over to the receiver input terminal. The switch 
Se, seen in the composite photograph, Fig. 39, at 
the lower right of the control panel, is included 
so that the receiver can be operated while the 
transmitter is on, for monitoring purposes if 
desired. 

Just above the main control switch is the 
antenna terminal, into which the feeder from the 
antenna system is plugged. This is a standard 
crystal socket, as convenient plugs for these 
sockets, for use with 300-ohm line, are now avail- 
able from several manufacturers. The ones used 
here are Millen type 37412. 

There is an elementary safety point in laying 
out power cabling in radio work that is often 
overlooked. The “hot’’ terminals in the power 
circuits should be recessed so that no contact can 
be made with them by the operator, if the power 
supply is accidentally turned on when no connec- 
tion is made to it externally. This calls for the 
use of female-type connectors on the power side 
of such junctions, with the male type being used 
on the detachable part. At the opposite end of 


the cable the reverse is true io peal 
Making up the cables will be MP" difficult to 
colors of wire are available, as it 1 the cable 
keep them identified otherwise. W pret in place 
wires have been made up nd sole. g up the 
the system can be made neat by Ee lly for 
cables. Waxed lacing twine made ees ackeys 
this purpose is available, but soft vo a: wiring 
twine may be used. Lacing up the powe ment 
under the chassis of the two units is a renne 
that adds to their neatness. 


Final Tests and Operation — ma 

We are now about ready to go on the a mie 
our complete station. A convenient hone 
of the component parts is shown 10 the Sea 
photograph. The power supply and trans arte 
rf. unit are mounted in a simple wooden re 
conserve space and make for CN ia se ae 
ing and operation, The rack is made ©} ; a 
inch wood, known as furring strip 1m the umber 
yards. Its construction should be obvious from 
a glance at the photograph. 

The control seal is screwed to the rack anne 
lower right side, so that the change-over SW ite 
and the converter dial, the two most-used con- 
trols, are near together. Obviously, this layout 
was set up for a right-handed operator, but there 
is nothing critical about the arrangement, and it 
may be altered to siut one’s own ideas and 
personal preference. F : 

Before putting the unit on the air we will 
check out the final set-up with a dummy load. 
With the cables connected properly and the 
300-ohm lines plugged into their terminals on the 
transmitter and converter we are ready to go. 
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The 15-watt bulb that was connected to the trans- 
mitter for the initial tests may now be plugged 
into the antenna terminal, J;, on the control 
panel. Throw the primary switch in the power 
supply on, and allow the tubes in all units to heat 
up. Then turn on the plate power switch, S», with 
the main control switch in the “transmit” posi- 
tion. If the rig is tuned up properly, the lamp load 
will light up, though a somewhat different setting 
of the transmitter coupling coil, Zy in Fig. 46, 
may be required. Final adjustment of the cou- 
pling to the antenna, and also the coupling be- 
tween the tripler plate and final grid coils, may 
be done easily by tipping the transmitter unit 
up and resting it on the rack shelf with the bottom 
toward the operator. Check the neutralization 
adjustments carefully at this time. 

When everything is in order, plug in the micro- 
phone and check for modulation, turning the gain 
control up until there is an appreciable brighten- 
ing of the load lamp at ordinary voice level. Hold 
the microphone close to the lips, and turn the gain 
up only as far as is necessary to develop a satis- 
factory modulation level. Higher gain will result 
in overmodulation on voice peaks, and increase 
the pick-up of noises remote from the micro- 
phone. 

If modulation produces a dimming of the lamp 
brilliance you have “downward modulation” 
which may result from too tight antenna coupling 
or insufficient grid drive. Check your 6J6s and 
make sure that the best ones are in the tripler 
and final-stage sockets, the best ones being those 
that give the highest grid current. The loading 
on the final, by either the lamp or the antenna, 
should be set at a point where there is still an ap- 
preciable dip in final cathode current when the 
final plate condenser is tuned through resonance. 
Increasing the coupling beyond this point will 
result in no increase in output, and going too far 
will actually reduce the output, and cause down- 
ward modulation. The position of the coupling 
coil may be different when the antenna is used, 
so a check should be made for upward modulation 
when the antenna is connected. A neon bulb 

held near the final plate coil should show an in- 
crease in brilliance when modulation is applied. 

Next plug a key into J, in the modulator, and 
check the tone modulation. The quality of the 
note will usually be best with the gain control ata 
low setting, probably somewhat lower than is 
needed for voice modulation. The tone pitch 
may be raised or lowered by decreasing or in- 
ereerinis the value of the feed-back condenser, 

3. 
Be sure that the oscillator and tripler controls 
and the coupling between the tripler and final 
stages are set carefully so as to give the greatest 
amount of grid current in the final tubes. Only 
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when this condition is satisfied, and the coupling 
to the antenna is correctly adjusted, will the 
transmitted signal be of the best quality and 
strength. 


Antenna Systems 


The station is designed to operate with an an- 
tenna system fed with 300-ohm line. This can be 
the ribbon commonly used for television antenna 
installations, or the heavy-duty variety designed 
for high-powered transmitters. There are in- 
numerable types of antenna systems that can be 
adapted to 2-meter work, and typical designs 
may be found in The Radio Amateur’s Handbook: 
and the A.R.2.L. Antenna Book. New designs af 
special mechanical or electrical interest are pub- 
lished from time to time in QS7’. 

Probably the simplest antenna, and one that is 
quite suitable for local work is the folded dipole, 
shown in Fig. 56. This may be made of any metallic 
rod or tubing stock that can be bent into the 
desired shape, or it may even be made of the 
300-ohm line itself. The latter arrangement is 
often used for indoor antennas, with the dipole 
fastened on a wall of the operating room. Such an 
antenna may be used either vertically or hori- 
zontally. The position should be determined by 
the polarization in use in one’s own neighborhood. 
Except under very favorable conditions one can- 
not expect to work more than 30 or 40 miles with 
such simple antenna systems. This may be enough 
to provide many contacts in areas of dense popu- 
lation, but the enterprising 2-meter enthusiast 
will want something better soon. 


Fig. 56 — A simple an- 
tenna for 2-meter work is 
the folded dipole. This 
may be made of any metal 
tubing, rod, or wire that 
may be bent into the 
r 7 300-ohm line desired shape. It is fed 


with 300-ohm Twin-Lead, 
ay 


a 


terminated with a Millen 
27412 plug, to fit the an- 
tenna terminal on the con- 
trol unit. The antenna 
may be used either hori- 
zontal or vertical, depend- 
ing on the polarization 
used in one’s own locality, 
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Experimental work with high-gain antenna 
arrays is, in fact, one of the most intriguing fields 
of amateur endeavor. Because of the relatively- 
small size of arrays for 144 Mc. the 2-meter 
worker can almost always find room for some- 
thing better than the simplest dipole, and he will 
find that the results obtained will be almost 
directly proportional to the effort he spends in 
putting up the best antenna system that is within 
his means. 


Arranging the Station 


It is helpful to arrange the station neatly and 
to keep paper, pencils, the log book, etc., where 
they are always handy. Furthermore, it is as easy 
to make a shipshape job of the station as to have 


it look “haywire.” You do not want to have to 
apologize for the appearance of your equipment. 

The operating table should be as roomy as 
space permits. Place the receiver at a distance 
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back from the front edge that will permit you to 
operate it with comfort. The transmitter, which 
requires readjustment only when you change 
frequency, may be placed farther back on the 
table if desired. It is advisable to space the re- 
ceiving and transmitting units at least a foot 
apart. Place the key in the position where it can 
be handled most comfortably. 

If cables are provided for the power supplies, 
power units may be placed on a shelf or on the 
floor under the table. Make sure, however, that 
they are not within easy reach of your feet. 

Since the antenna feed-line wires probably will 
be brought in at the window as a convenience, 
place the table as close to the window as condi- 
tions permit. While the 300-ohm line for the 
v.h.f. antenna may simply be brought directly 
in under or over a window sash, the simplest way 
of bringing an open feed line in to the transmitter 
is through medium-size feed-through insulators 
set in a strip of wood. This strip should be a 
couple of inches wide and only slightly shorter 
than the width of the window sash, so that it 
may be slipped in place in the window frame, 
either over the top sash or under the bottom 
sash. When the window is closed against the strip, 
there will be only a slight overlap of the sashes 
at the center. 

When you have the board in place, cut enough 
wire off the feed line to reach from the transmit- 
ter output terminals to the inside terminals of the 
feed-through insulators. Then attach the feed 
line itself to the outside terminals of the insula- 
tors. (The feed-line lengths shown in the table 
include the wire inside the station.) 

When operating at the lower frequencies, it is 
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Licenses 


As we have said before, you must have a gov- 
ernment license before you can go on the air 
with your transmitter. The amateur license is 
really two licenses in one: one for the station, the 
other a personal amateur operator license. Both 
are required by law, and are issued by the Federal 
Communications Commission. The license costs 
nothing, but, in the case of the operator portion, 
requires some study of elementary theory and 
the U.S. radio laws and regulations as they apply 
to amateur stations. This knowledge is not dif- 
ficult to acquire, however, and if you start to 
study at about the same time you start construc- 
tion of the station, you should be adequately pre- 
pared by the time the station is finished. 

At this point we may say that only citizens of 
the United States are eligible for either station or 
operator licenses. In addition, a station license will 
not be issued, even to a citizen, if the transmitter 
is to be located on property which is controlled by 
an alien. 

The station portion of the license is your sta- 
tion’s official “registration”; it licenses your 
transmitter for operation in the amateur bands 
and designates the call to be used. It is issued 
after filling out a form provided for the purpose— 
no examination is given in connection with it. 


authorizations are issued only 


However, station t ieee 
gt ualify for operator licenses, 
to persons who also q adatatione authories™ 


gouely, eo Ura card license. 

ions are ¢ edin a sing u : 

panies pean? portion of ust eae is sone 
personal authorization to opera ig an ora ng 
station — not only your own parc a any 
amateur station within the privi ick 9 aot 
operator and station license. ApElicens iving 
within 125 miles airline of one of the examining 
centers designated by the FCC have to appease 
in person at those cities for their examination, 


a} 7, askn; Atlanta, Ga.; Baltimore, Md.; 
See are Birmingham, Ala.; Boston, Mass-+ Bulialo, 
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Nashville, Tenn.; New Orleans, La.; New York, N Y.; 
Norfolk, Va.; Oklahoma City, Okla.; Omaha, Nebr.; Phila- 
delphia and Pittsburgh, Pa.; Phoenix, Ariz.; Portland, Ore.; 
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and have to pass the code test as given by the 
radio inspector. Those living more than 125 
miles from one of these points are permitted to 
take the examination by mail and have the code 
test given them, under oath, by an already li- 
censed operator. There are at present six classes 
of amateur licenses — Amateur Extra, Ad- 
vanced, General, Conditional. Novice and Tech- 
nician, 

Advanced and Extra Class are licenses which 
are related to special experience requirements 
and separate examinations, so you as a new- 
comer will not now be interested. 

General Class is the “standard’’ amateur li- 
cense. It conveys all amateur privileges. Condi- 
tional Class authorizes the same privileges, ex- 
cept that it is issued to persons who take the ex- 
amination by mail whereas General Class is 
issued to those who take the examination before 
an FCC representative. For either license, you 
must pass an examination including a code test 
at 13 words per minute and a written test on 
radio fundamentals (basic theory and practice) 
and regulations governing amateur operation. 
There are about 50 questions; approximately 
two-thirds are on technical subjects, while the 
remainder concern themselves with the United 
States radio laws and the amateur regulations. 
These licenses run for five-year terms and may be 
renewed upon showing of amateur activity. 

The Technician Class license requires the 
standard written examination but a code test of 
only 5 w.p.m. It authorizes operation only on 
amateur bands above 220 Mc. 

The Noyice Class is the simplest stepping- 
stone to amateur radio and will therefore be of 
primary interest to you. It requires the slower 
code test of 5 w.p.m., and only a very simple 
written quiz. At the same time it conveys re- 
stricted privileges: use of c.w. (code) only in 
3700-3750 ke., 7175-7200 ke. (and, effective 
March 28, 1953, in 21,100-21,250 ke.), and code 
or voice on 145 to 147 Mc. Maximum power per- 
mitted is 75 watts, and the frequency must be 
crystal-controlled. Provided you select a crystal 
in the range 3700-3750 ke., or 7175-7200 ke., 
therefore, cither of the two transmitters de- 
scribed earlier in this booklet will be ideal for 
operation as a Novice. And the 145-Me. gear 
described is similarly ideal for a Novice who 
wishes to use that band as a starter. The Novice 
Class is therefore an excellent means of entry into 
amateur radio, since it has a very minimum of 
requirements and yet adequate privileges for you 
to sample the various kinds of activities that 
take place in the amateur bands. The license ex- 
amination may be taken by personal appearance 
at one of the FCC offices or, if you live more than 
125 miles from any of the points listed earlier, 
you may take the exam by mail, 

However, the Novice Class license will be good 
for only one year and may not be renewed. It is 
designed primarily to give newcomers to amateur 

radio a chance to learn by practising, and the idea 
is that inside of one year of activity on the air 
you should easily bring your code speed up to the 


- HOW TO BECOME 


point where you can pass the regular examination 
and become a full-fledged amateur with rights to 
use the other amateur bands. So, if you aim for 
the Novice Class as a start, remember it’s only 
a stepping stone, and keep in mind that you’ll 
want to work toward the General Class (or Con- 
ditional Class, if you live more than 125 miles 
from an examining point) as soon as you get on 
the air asa Novice. 

The subject of preparing for the written exami- 
nation is beyond the scope of this booklet. Al- 
though the examination deals with elementary 
radio, if is necessary to engage in some study for 
it. If you will carry out this study in conjunction 
with the constructing of your apparatus, you will 
find that your reading helps you to understand 
the operation of your sets and your construction 
of the equipment helps you to absorb the new 
knowledge. You are going to obtain an immense 
amount of enjoyment from amateur radio; it is 
well worth learning about. In the first place, if 
you do not possess a fair knowledge of elementary 
electricity, such as is taught in a high school 
physics course, we suggest that you obtain from 
your local library a good elementary electrical 
textbook. That is the groundwork for all radio 
theory. Then you should read a book that deals 
with radio itself in equally simple fashion, ex- 
plaining elementary radio theory and the func- 
tioning of simple practical apparatus. Any satis- 
factory available text may be used, of course, but 
we would recommend that you obtain a copy of 
The Radio Amateur’s Handbook, an American 
Radio Relay League publication which is a com- 
plete manual of amateur electrical and radio 
theory, construction and operation. While you 
will eventually find a personal copy of this book 
indispensable, you will probably be able to borrow 
a copy or find it at your local public library. In 
U.S.A., it may be obtained from the League for 
$3.00, postpaid. 

We also earnestly suggest that before going up 
for your test you obtain a copy of The Radio 
Amateur’s License Manual. This booklet explains 
in detail the procedure in applying for licenses, 
lists many questions similar to those that will 
be asked in the examination and gives their cor- 
rect answers, and includes the full text of the 
amateur regulations and pertinent portions of the 
radio law. The Handbook may be borrowed, 
but you should purchase a copy of the License 
Manual, for it is really indispensable to the new 
applicant. We very much wish that it were possi- 
ble to publish the contents of that booklet in this 
one, but it is of almost equal size and it is not eco- 
nomically practicable to do so. The current edi- 
tion of the License Manual may be obtained from 
the ARRL at West Hartford 7, Conn., 50¢. 

Practise sending, too, on your practice outfit, 
for in your code test you have to demonstrate 
ability both to send and receive. You will un- 
doubtedly find it a lot easier to send than to re- 
ceive — everybody does. But don’t try to hurry 
your sending. Grasp the key lightly but definitely 
with the thumb and first two or three fingers 
of the hand, and adjust the key so that therg 


A RADIO AMATEUR 


is an up-and-down motion of about one-sixteenth 
of an inch at the knob. Use a wrist motion. 
Learn to make the characters evenly and dis- 
tinctly. Don’t try to send fast. One of the sur- 
est indications of a beginner on the air is the 
fellow who tries to send rapidly and only makes 
an unintelligible mess of everything. It is a good 
idea to keep your sending speed on a level with 
your receiving speed. 
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_ There is nothing difficult about the examina- 
tion for a person of average intelligence and appli- 
cation. Thousands of Americans have qualified 
Your license, when you get it, will have a term of 
five years and, provided you show even a small 
amount, of activity as an operator, may be re- 
newed indefinitely without further examination 


of any kind. That is, except for the Novice Class 
which will be good only for a year. ni 


Getting On the Air 


And now, after you have built your receiver 
and transmitter and put them in operating con- 
dition, have obtained your licenses, and have 
learned something of the customs and practices 
of operating, you are ready to take your final step 
—the step for which you have worked through 
all these weeks — your first actual operation on 
the air as an amateur. 

You sit down some evening before your re- 
ceiver and light up the tubes. Tuning in on the 
3500-kc. band, let us say, you hear some station 
(not too far away!) sending a “CQ” and finally 
signing his own call. You turn on your transmit- 
ter, and call that station — just a bit shakily, no 
doubt. After making a reasonably long call, you 
sign off and listen for him again. Perhaps he does 
not come back. Too bad! —but don’t be dis- 
couraged. While it has happened that amateurs 
have worked the first station they ever called, 
this experience is not the rule. Try again. Perhaps 
you will still fail to “connect,” and you may call 
all that evening without working anybody. 

But you keep on trying the next night, and 
soon there comes a time when you enjoy that 
never-to-be-forgotten thrill of hearing the other 
fellow call your station. And then you talk 
with him, learn where he is, and hear him tell 
you how good your signal is at his “shack” and 
perhaps make a schedule to call him again the 
next night for another talk. So you start to learn 
the thrill and pleasure that come from talking 
to another fellow-being hundreds (even thou- 
sands) of miles away, from the privacy of your 
own home, and with apparatus that you have 
constructed with your own hands. It is a thrill 
that never wears off. 

It is probable that one of the first things you 
will be asked, when you begin working other 
amateurs, is to “Pse QSL OM.” What the 
other fellow is referring to is a custom that has 
grown to be a part of amateur radio, known as 
the exchanging of QSL (acknowledgment) cards. 
Most amateurs have postcards printed up with 
their call prominently displayed, and other data 
on their station. leaving space of course to put 
the call of the amateur to whom they are going 


to send the card. When you work some distant 
amateur, he may ask you (or you may ask him) 
to exchange cards, as noted above. You then 
make out one of your cards, address it to him 
and mail it, usually receiving one of his in return. 
Many amateurs have the walls of their oper: ; 
room literally plastered with QSL cards fro 
over the world. 

Oh yes — don’t forget to keep a log of your 
station operation. For one thing, the United 
States amateur regulations require you to do 
this, but aside from that every worthwhile 
amateur keeps a neat log as a matter of pride. 
Your log should record all calls made by the 
transmitter, calls of station worked, time, fre- 
quency band and power of your transmitter 
and the name of the operator. ; 

You are now a full-fledged amateur, and 
ready to take your place in the amateur ranks. 
Do not try to hurry matters in building your 
station or operating it. Be a gentleman on the air 
and don’t be afraid to admit that you are a 
beginner. If someone sends too fast for you, tell 
him so — don’t give some lame excuse such as 
“QRM” or “QRN” for having missed some of his 
remarks. A genial request to send slower will 
practically always get the desired result, and those 
you are working will think more of you for it. 

The American Radio Relay League, at West 
Hartford 7, Conn., which publishes this pamphlet, 
is a society of and for amateurs, and it will be 
more than glad to help you out with your prob- 
lems. It may be that, later, you will wish to be- 
come a member of the League. Most active ama- 
teurs are members. Station ownership is not nec- 
essary to membership — you have only to be in- 
terested in amateur radio. Dues are 5.00 a year, 
$4.25 in Canada (foreign $5.00) and include a 
year’s subscription to the monthly magazine 
QST, often referred to as the ‘‘amateur’s bible.” 
Every amateur reads QST; each month’s issue 
is filled with information on the latest types of 
receivers and transmitters, and news from all 
over the country. If you cannot obtain it from 
your newsstand, a sample copy may be ob- 
tained for 40 cents from the ARRL. 


ating 
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THE “Q” CODE 


S EXPLAINED in the text of this booklet, this and have little application in amateur contacts’ 

is a very useful internationally-agreed code The abbreviations themselves-have the meanings 

designed to meet major needs in international shown in the “Answer” column. When an ab- 

radio communication. There are several times as _ breviation is followed by the signal for an inter- 

many “Q” signals as those we list here, but those rogation mark (¢ ¢ === © ©) it assumes the 
omitted bear primarily upon commercial radio meaning shown in the “Question” column. 


Abbre- Question Answer 
riation 
QRG Will you tell me my exact frequeney (or that of ....)? | Your exact frequency (or thatof ......) is ...... ke/s 
(or Mc/s). 
QRI How is the tone of my transmission? The tone of your transmission is ........ (1. Good 
; 2. Varinble 3. Bad) 
QREK What is the readability of my signals (1 to 5)? | The readability of your signals is ...... (1 to 5). 
QRL Are you busy? Tam busy. Or ([ am busy with ...... ). Please do not 
interfere. 
QRM | Are you being interfered with? T am being interfered with. 
QRN_ | Are you troubled by atmospherics? I am troubled by atmospherics. | 
QRO Shall I increase pow Increase power. | 
QRP Stlsh I decrease power? Deercase power. | 
QRQ Shall I send faster? Send faster (...... words per minute). 
QRS Shall I send more slowly? Send more slowly (........ words per minute), 


QRT Shall I stop sendin: 


QRU Have you anyth I have nothing for you. 


| 
q 
Stop sending. | 
| 


QRV Are you ready? I am ready. 
QRX When will you call me 2 I will call you again at ...... hours (on ...... ke/s 
(or Mc/s). 
QRZ Who is calling me? You are being called by ...... (Oneeaenee ke/s (or 
Me/s). 
QSA What is the strength of my signals (1 to 5)? The strength of your signals is ...... (1 to 5). | 
QSsB Are my signals fading? Your signals are fading. | 
QSD Is my keying defective? Your keying is defective. P ) 
QSL Can you acknowledge receipt? T am acknowledging receipt. 
Qso Can you communicate with .......... direct or by | I can communicate with .......... direct (or by relay 
through .... * 
QSP .. free of chargo? T will relay to . . free of charge. | 
Qsv Shall I send a series of V's on this frequency? (or | Send a series of V's on this frequency (or ........ ke/s | 
oh hiss ei ke/s (or Mc/s). or Mc/s). 
Qsy Shall I change to transmission on another frequency? | Change to transmission on another frequency (or 
Soccoc ke/s (or Mc/s). 
QS8Z Shall I send each word or group more than once? Send each word or group twice (or ...... times). | 
QTA Shall I cance] telegram No. ...... asifithad not been | Cancel telegram No. ...... as if it had not been sent. 


sent? 
QTc How many t 
QTH What is your } 


ye you to send? Ihave ...... telegrams for you or for ...... 
My location is ..... 


Tati 


DANGER! HIGH VOLTAGE! 


N SOME of the equipment described in this booklet the voltage between certain points may 
run as high as 800 or 900 volts. Since individuals sometimes are killed by coming in contact 
with ordinary 115-volt home lighting circuits, the beginner must forever be aware of the 
potential danger attached to careless handling of amateur radio equipment — particularly 
transmitters. 


Make it your first rule to form the habit never to touch anything behind the panel of a 
receiver or transmitter without first turning off all power. Thousands of amateurs, young and 
old, work daily with equipment carrying voltages as high as 8000 or 10,000 with complete 
safety. But the operator should never forget for a moment that harmless-appearing gear can 
and has been lethal in isolated instances when the operator became careless. NEVER TOUCH 
ANYTHING BEHIND THE PANEL UNTIL YOU ARE CERTAIN THAT ALL POWER 


HAS BEEN TURNED OFF! 


ARRL, 38 Lasalle Road, West Hartford 7, Conn. 


Yes, I want QST to keep me up-to-date on ham activities. Enclosed is $.....- 


U.S. and possessions; $4.25 in Canada; $5 elsewhere) for ARRL membership dues for one year. 
Start QST with the........ 


SECT AG DA a cage atic. Bp ob 09 HO OID Oop Oe Rabo soe eed cagon Bee cae 
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Bub OF HAM RADIO... 


Twelve times a year a magazine is delivered to the 
door of nearly every active amateur in the country, 
chock full of the latest news of ham doings. 


These amateurs are members of the American Radio Relay 
League, the organization which publishes this booklet. The 
magazine is the amateur’s “bible,” QST. 


In the pages of QST you meet the fellows you hear and 
work on the air. You get operating data, available nowhere 


else, to help you become a better operator and to get more 
fun from your activities. 


No matter what your principal interest may be — rag- 
chewing — traffic — DX — experimenting — contests 


— v.h.f. — you will find extra space in QST devoted to 
your specialty. 


You get the newest and latest technical developments. 
Throughout QST’s thirty-five year history it has con- 
sistently presented the important developments in the 


radio art — first. It is written and edited by amateurs for 
amateurs. 


Yes, QST is the amateur’s own magazine. You will be one 
of its owners, through your membership in ARRL. You 
can contribute to it from the accomplishments of your own 
home experimenting. You will have a warm, friendly, 
personal sense of pride in QST — your own magazine! 


«...-- ($4 in the 


«+.» .issue. I prefer a membership (J certificate 1] card. 


seve cece seLall (if any)... +..-.---- 


IN THE PROPER ORDER... 


LEARNING THE F. OR those who find it difficult 
RADIOTELEGRAPH to master the code, this ARRL 
CODE publication supplies the key to 

the problem. It is designed to 

help the beginner overcome the main stumbling-block to 
a ham license. The pitfalls are pointed out, and he pro- 
gresses step by step toward a faster knowledge and ability 
to send and receive in code. When code practice machines 
or experienced operators are not available, ‘““Learning The 
Radiotelegraph Code” is a boon to the Novice. Material 
is included on practice, both classroom group study, and 
home-study as well. There are also data on high-speed 


25¢ Postpaid. operation, typewriter copying and general operating in- 
No stamps, please. formation as well as tables and references. 
Vv 


THE RADIO Cominc off the press almost as fast as the 
AMATEUR’S demand for it, which is enormous, the Radio 

LICENSE Amateur’s License Manual has become one of 

MANU AL the most important publications of The Ameri- 

te - can Radio Relay League, especially since the 
Novice, Technician and Extra Class licenses were approved by 
the FCC. The License Manual is the What, Why, and Where 
for the ham who is seeking to get that coveted ticket. Practically 
everything he needs to know is contained in this concise, clearly- 
written text. A popular guide post to a ham ticket for many 
thousands every month. It is completely revised and includes 
the latest FCC regulations. 


50¢ Postpaid. 
No stamps, please. 


Vv 


} Tis 
‘The radio HE recognized reference work of radio amateur and electronics 
THE RADIO © engineer, this annual ARRL publication ranks ace-high in popu- 
amateur’ pea ae larity. It finds its way to the desk of the engineer, technician, 
Ss AMATEUR’S laboratory man, equipment designer, amateur. The engineer and 
HANDBOOK the purchasing agent of many concerns find it indispensable for 
poe checking and securing data, gear, equipment and components. 
There is hardly any query that might possibly arise in ham radio 
which is unanswered. Written in a clear, concise manner, and illustrated with hun- 
dreds of sharp photographs and clear diagrams and schematics, The Radio Amateur’s 
+. | Handbook is proving a godsend to many thousands who are building, repairing or im- 
= proving their present rigs; to others who seck knowledge or news of new developments 
x and new products. Chapters are devoted to Theory, Construction, Components, Functions, 
409 i | of various parts; wave propagation, Antenna Systems, TVI, HLF., V.H.LF., Modulation, 
Bram a i Reception and Transmission, Trouble-shooting, Power supplies, Microwave Communica- 
Soaneav ev wal Tareas ores tion, Mobile Equipment, Measuring and Test Equipment, Putting a Station on the Air, 
ESS 4 Proper Operating Procedure... The Handbook contains complete charts and tables of 
tubes, values and radio terms, Many months of intensive work annually go into the prepara- 


$3.00 USA Proper. tion of the Handbook. 
$3.50 U.S: Possessions & Canada. Elsewhere $4.00. 
Buckram-Bound Edition $5:00 Everywhere. 


The AMERICAN RADIO RELAY LEAGUE, Inc. 


WEST HARTFORD 7, CONN. 
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HRO-60 Latest and best of the world- 
famous HRO series — the finest general 


‘ 


communication receiver Money can y 

buy! Utilizes dual conversion and 12 | 1 M3 

Permeability tuned 1. F. circuits for the = 

highest skirt selectivity ever achieved i a 

in an HRO! $483.50% | >) 
(less spkr.)  * j 


the most popular ama- 
er designed. Includes 
; feature — dual con- 


NC-183D One of 
feur receivers © 
every desirable 


i 


LF 
version, 12 permet ye tion, hi- 
circuits, temperature $369.00* 
fi audio. (less spkr.) 


OOo) 


SW-54 The “Mighty Midget"—America's j 
top receiver value, Covers not ono, but ‘ 
3 short wave bands plus standard 
broadcast band—the entire range from 
540 kes. to 30 mes.! Amateur, ship, 
foreign, police frequencies clearly 
marked. Measures only 11”x7/’x7”, 


$49.95" 
(Inc. spkr, and power supply) 


d National 
- Incorporates fame! on 

Pee les for un-heard-of selectivity 
at the price! Edge-lighted, direct-read- 
! ing scales show amateur, police, ship 


val encies. $149.50* 
| and foreign frequ laaiseke) 


Chosen by radio amateurs the world over—the U.S, 
Navy — Scotland Yard — major airports — movie 
makers—scientific adventures like Kon-Tiki . . . 
_ that's the colorful story behind National equipment 
—a story of superb performance and endurance! t ust 1914 


ac )) 


} 


"Slightly higher west of the Rockies NATIONAL COMPANY, Inc. 


| MALDEN, MASSACHUSETTS 


ARRISON HAS IT/ 


HAM EQUIPMENT 
You Will Use for Years 


All famous name brands . . . for Novice or General 
License, phone man or CW operator. Whether you 
like factory-built jobs or money-saving build-it- 
yourself kits, make HARRISON your parts and 
equipment headquarters. 


Lowest Prices .. . Fastest Delivery ... 
Friendly Personal Service Always! 


Glad to help you hess 
Whether you're a newcomer just 
starting, or an old timer getting back into the 
geome, I'm always glad to lend a helping hand. 
Just drop me a line for any information, advice, 
or ony parts or equipment you need for your sfa- 
tion. You'll get a speedy reply by return mail. 
Better yet, visit either of our stores (New York 
City or Jamaica) for personal attention. Lots of 
active hams to help you with your problems. 
Welcome to our hobby! Gud luck on ur exam. 
73, Bil Harrison, W2AVA 


| a® 
@@ seere 


NOTE: Literature on any of the ab 
units available on enue No Areas 


of course. Remember... 
HARRISON HAS IT! =) a ARRISON 
PO eee RADIO CORPORATION ‘AM-A-LOG 
Includes New Gear, 


OPEN EW YORE UNTIL 225 Greenwich St. © N. Y. 7, N. Y. pliclertearsclog ham 


NIG JAMAICA — $ SS 
GHT Sie Fripays 9:00 BArclay 7-7777 Write today for your 
ALL DAY SATURDAYS JAMAICA BRANCH: Hillside Ave. at 172nd St. free copy. 


\ 


Ve 


Herewith are illustrated just a few of the many exclu- 
‘sive Millen “Designed for Application”’ line of 
MODERN PARTS for MODERN CIRCUITS, which 
are fully listed and described in our general component 
parts catalog. A copy is available either through your 


distributor or direct from any of our district offices, 


or the factory. 


“JAMES MILLEN 3% MFG. CO., IN 


150 EXCHANGE ST. 


MALDEN, MASSACHUSETTS 


Superior 
Llysco 
Magnecorder 
Hallicrafters 
Guardian 
Cardwell 
Eimac 
Hickok 
Burgess 
Collins 
IRC 
Jensen 
Meissner 
Ohmite 
National 
Raytheon 
Universal 
Taylor 
Sengamo 
Werd Leonard 
Mallory 
H&H 
Belden 
Hammaerlund 
G.E. 
c-D 
Brush 
Astotic 
Hytron 
Johnson 
Millen 
RCA 
Shure 
Thorderson 
UTC 
Clerostat 
Browning 
Mveller 
Rider 
Simpson 
Bogen 
Bliley 
Amphenol 
Bew 
Amperite 
Acrovox 
Advance 
Stoncor 
Triplett 
Centralab 
Elmac 
EsIco 
Dumont 
Diclco 
Eldico 
Cetron 
Birnbech 
ATR 
Arrow 
Gonset 
Kato 
Electro Voice 
Pyrex 
Sigma 
Trimm 
Turner 
Morrow 
Kester 
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| ae has everything 
you need to get started 
except the license. That includes years of experience in radio, 
and the combined experience of the six hams on our sales staff. 
Six hams, 


{ Sania” 
Se 


every one of them haying a hand in picking the ham Yala 
stock, making sure they suitable, even the best, or ham 
needs. Six hams, whe always have a moment to discuss your 
problems over the counter or by letier or phone. 


1 the friendly, reliable servi u expect from 
ch ine iriendiy, reliable service yo 
aL PLUs | another ham. 
PLUS | a compleie stock of everything the ham needs. 


Plus \ 2" organizaiion geared to ship your order 
Pus) immediaiely. 


So... whether you are going on the air with a factory-built job, 
which we can sell you... or building your own from scratch, with 
Harvey parts and tubes . . . you can be sure you'll find all vous 
needs filled promptly by a phone call, a letter, or a personal: 
visit to our store just a block from Times Square. 


Harve yin CO., INC. 


103) W. 43rd'St., New York 36, N.Y. » LUxemberg 2-1500 


VIKING If TRANSMITTER KIT 


The JOHNSON Viking Il is an expertly designed 


transmitter, furnished unassembled, but complete- VIKING VFO KIT i 
All amateur bands from 10 to 160 meters, 100 


watts phone output, 130 watts CW, Includes all Te JOHNSON VEOT Eis nee” 
curately calibrated for all ama- 
feur bands from 10 to 160 
meters. Stability is excellent, a3- 

sured by rigid construction and 
@ TVI Suppressed temperature compensated cera- 
mic padders. Vernier tuning, 
@ Instant Bandswitching clean keying, and Beried 


necessary parts, hardware, tubes, wiring harness, 
cabinet, and step by step instructions. 


@ Dual Power Supplies 


© VFO Input Provision break-in" on all bonds. As 
bly is simple. Kit complete, less 
tubes, 


240-102 Viking II kit with tubes, less crystals, key 
and mike 


VIKIN 


| amateur net $A 975 
AMATEUR NET $2 79 50 j he 4 
Sonat = - 


SEMI-AUTOMATIC KEY WITH SWITCH 
Compact, light model. Circuit closing switch. Dis 
base, 6%%294"'x44"". Black wrinkl ' 
coin silver co Fully adjustab 
per minute to highest rate d 
Cat. No. 114-510 


m eight words 


Racing Lneeoe Net Prica $10.50 
STANDARD MODEL KEY 

Heavy die cast base. Smooth adjustable bearings 

Provision for Plugging in semi-automa’ 3. Yai" coin 

silver contacts. Operates with a light keying touch. 

Cat. No. 114-310... 2... NotPrice $3.00 


PRACTICE SET 
An inexpensive practice set for beginners. Constant 
frequency buzzer and key mounted on a 4''x6"" molded 
brown Bakelite base. May be used singly or in pairs for 
code practice. 
Cat, No. 114-450 . 2... . . NetPrice $3.60 


Complete information on JOHNSON semi-automatic, 


standard and practice keys included in General 
Products Catalog 973. Write for your copy today! 


CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS, JACKS, DIALS, AND PILOT LIGHTS 


210 SECOND AVENUE SOUTHWEST e WASECA, MINNESOTA 
SS 
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HENRY RADIO 
offers YOU: 


d inquirnee& Write, ph 
Wiries, Export inet 


11240 Olympic Blvd 
ote 5 © | E | RY RA D 0 ST0 R ES eae 7 
Phone: 395 BRadshow 2-2917 


"LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS" 


Wavvor ra wins 
BANDMASTER & ACCESSORIES 


ENGINEERED SPECIFICALLY FOR THE VERSATILE HAM 


40 to 50 Watts — 8 Bands — Phoneor CW 
NO PLUG-IN’ COILS 


80, 40, 20, 15, 11, 10, 6 and 2 Meters 
(completely wired and tested—not a kit) 


__, BANDMASTER SENIOR 


A complete ready to go transmitter including the 
crystal-oscillator-vfo switching circuit. Phone or CW ~ 1 for 
bands — 80, 40, 20, 15, 11, 10, 6 and 2 Meters. 1de%),'c. 
either mobile or fixed station use. Will operate from r “or 
power packs up to 450 volts at 275 ma., vibrator supP 

*dynamotor supply for portable mobile operation: aus 
Pi antenna matching network. Power input to final | 
watts with 450 volt power supply on Bands | through sary 
watts on Band 8. No tuning adjustments are neces 
except those required to resonate the final output fo, ly. 
antenna. May be mounted on rack panel with power ng 
For use with carbon microphone. No plug in coils $11 oI 


BANDMASTER DELUXE 


: ! 
s . Has built-in three tube preamplifier for use with crysta 


: ’ a mike, and ALL the features of the Bandmaster Sr- $1 37.5 
THE NEW BANDMASTER V F O 


Designed specifically for the Harvey-Wells 
Bandmaster, but may be used With all types 
of transmitters. Extremely stable — both elec- 
trically and mechanically — rugged tests pro- 
duce no loss of power or frequency shift even 
on 28 mc. Slanted, illuminated dial face pro- 
vides easo of operation and full visibility. 
Cabinet styled specifically to save valuable 
space in the shack. Your Bandmaster and VFO 
become an integral unit. 300 ohm output plugs P 
into crystal socket. The Bandmaster VFO has yp 
been designed to meet the flexible require” 
ments of today's versatile amateur. Six bands — 
each directly calibrated on the oversize slide 
tule dial — provides 20-25 volts R.F. output 
over entire frequency range, measured across 
the 6AQ5 in the transmitter oscillator — Plate 
and heater voltages are obtained from the ~ 
terminal strip on the transmitter. Power re- 
quirements are 6.3 v @ 0.65 amps. and 300 
vy @ 30 ma. Highly stableClapp type oscillator 
circuit uses 6AG7 and OB2 voltage regulator. 


3 $47.50 
, POWER SUPPLIES 


APS-50 DPS-50 


/ 


eee 
bs r tion. 
: A dynamotor supply for portable oper@ 
Delivers 425 vy. at 275. ma. and 6.3 v. at 4 Baltes 300 Velnesep ae P 
amps. May be mounted on rack panel. For I10 For & Volt operation .....-..s-ssreeserseeet $87.50 
Volt A.C. 50-60 cycles ..... -u . $39.50 


For 12 Volt operation .....ssssecssesssre 54.50 
(400 Volts 250 ma.) 


MWOY - WELLS ELECTRONICS, INC. 


SOUTHBRIDGE, MASS. Export Dept. 13 East 40th Street, N.Y. 


CANADIAN DISTRIBUTOR: Canadian Marconi Co. 
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GET ON THE AIR NOW WITH 
YOUR OWN 
HAM STATION 


The Unique ELDICO “PRIVATE TUTOR” | — 
COURSE helps you build your station as you 
learn ...a revolutionary new recorded tech- 
nique ... tested and proved by hams through- 

out the country. f 


Now you can have a course that won't let you } 
‘flunk out”... . because it's tailor made for the Novice. | 
It is not a modification of commercial license | 
courses that can be “too deep" for the beginner. 
Here's an easy, step-by-step proved method that 
literally gives you private tutor instructions to 


prepare you completely for your ham exam. 


a ¥ 
J : _ All material has been carefully se- 

H i lected for your needs: 5 Columbia 
Long Playing Microgroove re- 
cordings for code instructions, 6 
Novice theory lessons and exami- 
nations, an ARRL License Man- 
ual and supplementary aids. The 
unbreakable 12” records give the 
equivalent of 50 standard rec- 
ords! Any beginner can develop 
speed beyond FCC exam require- 
ments and be ready easier and 
quicker for that coveted license. 


A. Complete course, code and 


theory........-+-eeer-s $25 
B. Records (code course)..... $17 
C. Theory course only....... $10 


ADVANCED CODE RECORDS 


Three code speeds on a single record— 
five long playing microgrooves in all! 
Available in various rpm's as individual 
records at $3.95 per record. Mail handy 
coupon for full details. 


ELDICO OF N. Y., INC. 
44-31 Douglaston Pkwy., Douglaston, L. I., N. Y. 
W2UOL: © Rush my FREE literature on the Novice Course. 
CO I'm interested in your Advanced Code Records. 
I want to get started now—so rush my Novice 


IF YOUR LOCAL 

DISTRIBUTOR CAN- | Course: 

NOT SUPPLY YOU— OA OB oc 

USE HANDY Check or M. O, enclosed oc... (amount). 
COUPON 


44-31 DOUGLASTON PKWY. 


DOUGLASTON, L. I., N. Y. 
BAyside 9-8686 


THIS COUPON CAN HELP YOU ON YOUR WAY—MAIL TODAY! 
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GET STARTED 


THE RIGHT WAY - 


Get Every Advantage © —_, ©€t Amateur Radio’s 


Tan en Dooasanoe Conae 

Get the Best! t's smart to buy quality! Leading BUYING Guide 

That's why ALLIED offers you the widest 

choice of nationally known, completely inithe latest; ALLIED Catalog: parteficede 

dependable equipment. bcalomnent, <kati 7 kaate Bian eon 
pmeni, kits, books, 


ad 


You'll find everything you need to get started, 


recei 


Get it Fast! Your orders—large or small — 
“go out speedily, under expert supervision. You 
get exactly what you want when you want it. 


mitfers —all station 


Amateurs, so you co 
Get Value! Save money on all your station needs. useful aid and advic 
ALLIED'S huge stocks are priced low—to bring you 


of old-time Hams. Gat your 
the equipment you need at the lowest market prices. 


Cotalog now —and 


Get the Easiest Terms! Only 10% down on ALLIED'S VEMIRS SE 2 
Easy Payment Plan. You get full carrying charge refund on 60 Smee 
day payment; 50% on payment in half the required time. No over 2 zs! 


red tape—no finance companies. Minimum order is $45; carrying 
charges only 6% after 10% down payment. 


We Have Complete Parts for Any es 
Circuit Described in This Guide SEND FOR YOUR | 
ALLIED makes available to you the world's largest stocks ALLIED CATALOG 


of Amateur equipment. We can supply complete parts for 


any kit or circuit described in this guide or in any other WRITE TODAY | 
publication. You'll be off to the right start in 


Amateur Radio, when you're “equipped by ALLIED!" 
Sucerything for the A aM 833 W. JACKSON BLVD., Dept. 34 


CHICAGO 7, ILLINOIS 


POWER SUPPLY KIT 75 AND 80 METER CRYSTALS 


110 VOLT FILTERED DC at 40MA 


Here at a Big you get Top ually basic com- 
nents for a Pov y with many applications . . . 
pone fike or Phono Pre-Amp, Midget Radios or Audio, 
Amplifiers, Photo Cel! equip., G e Door Openers, Code 
Practice Oscillators, TV Boost Test Equipment, etc. 


Kit consists of 


asy to m 


IN REGULAR FT243 HOLDERS 


First quality guaranteed active oscil- 
lators made to Signal Corps specs. 
«++ ¢very one brand new and tested! 
Better get plenty while available... 
we doubt this lucky buy can be re- 
peated. 

Available in following frequencies: 


3525 KC No 15A1173 

3655 KC No. 15A1174 aro Gs 
e700 KG fo. 15A1176 z 

3735 KC No. 15A1177 

3980 KC No. 15A1178 719¢ 
You can easily change frequency if 
necessary by following crystal grind- 
ing instructions in any handbook. 


ATES of 4 Crystals — Our 
choice from above. 
No. 17B818. Per Asst. $2.45 


YouGetAllAbove . HI-SPEED CODE-SAW DRILL-BIT 


No. 14B993. PER KIT 


Top quality key, priced at a fraction of original cost. 
Mounted on bakelite base, a . Fully adjust- 
able, well Has positive con- 
tact shorti re of high grade tung- 
sten and securely Ideal for keying amateur 
transmitters. 

No. 17B38. 

Special, Each..........-.-...-00-0- 


You may order from this ad—Include allowance for postage. 


THESE ARE JUST A FEW OF THE BIG 
BUYS IN OUR CATALOG NO. 531... 


’s a Complete Guide to the very 


test in Electronies—everything in WRITE US 
e Radio Television, Sound and 


cording fields . . , everything on IF You 


wn to the little things usuall : 
y 
) troublesome for others to list nau on 


1 stock, } HAVE IT! 


Drill, saw, ream metal, wood, plas- 
tic, ete., with any electric drill. 
Drills own starting hole — upper 
part cuts, saws or reams circles, 
ovals, squares or scrolls. Abrasive 
resistant high speed steel. With- 
stands severe continuous use. M4 

dia. x 34%” long. Has two cutting 


No. 198270. $3.75 


All overpayments refunded 


BURSTEIN-APPLEBEE = 


1012-14 McGEE ST., KANSAS CITy 6, MIS 


SOURI 


VALUABLE BOOK 
ITY 


The QUICK, 


Picture yourself at your own transmitter . . . sending out radio 


code, messages that will be received around the globe. Yes, 
amateurs like yourself are around the globe, waiting to com- 
municate with you today, tonight or anytime. The knowledge 
of the world... intimate friendships you will gain... may 
help you in your business, may be a stepping stone to success, 


HERE'S WHAT WORLD CHAMPION TED McELROY 
SAYS ABOUT THE FAMOUS CANDLER SYSTEM 


“My skill and speed are the 


result of the exclusive, sci- 

entific training Walter Cand- 

ler gave me. Practice is nec- 

essary, but without proper 
training to develop Concentration, Co- 
ordination and a keen Perceptive Sense, 
practice is of little value. One is likely to 
practice the wrong way.” 


McElroy is the Official Champion Radio Operator,75.2 
w.p.m. won at Asheville Code Tournament, July 2, 1939. 


EASY WAY 


You may be able to keep in touch with world conditions, learn 
advantageous facts about changing situations that may affect 
your own livelihood. Wouldn't you like to be the invaluable 
link with the outside world in time of disaster? Wouldn't you 
like to serve in a national or local emergency? Be ready for 
service when the opportunity arises! Learn telegraphy now— 
the Candler way. 


PREPARE YOURSELF FOR YOUR BIG OPPORTUNITY 


Every day trained code operators are finding their dreams of 
Success coming true, Get ready for your big chance now. Learn 
code the modern, easy CANDLER way. Get maximum speed 
and efficiency to qualify as an operator in the quickest, 
easiest way—the CANDLER SYSTEM OF CHAMPIONS. 


For forty-two years the CANDLER SYSTEM has trained begin- 


CANDLER SYSTEM CO., 


SPECIAL COURSES FOR 
BEGINNERS & OPERATORS 


The SCIENTIFIC CODE COURSE, especially designed for the 


beginner. Teaches the basic principlas of sending and receiv- 
ing code scientifically. 


operator who wishes code speed and skill 10 becoma a good 
operator or a better one faster. 


Tho HIGH SPEED TYPEWRITING COURSE, designed for those 
who desire typewriling proficlancy and speed. Espacially 


! 
| 
| 
I 
The HIGH SPEED TELEGRAPHING COURSE, intended for the 
| 
| 
designed for copying messages and pross with typewriter. 1 


ners to develop and apply their talents to top speed and 
maximum efficiency. The record of famous amateurs and 
expert operators who learned the CANDLER way is proof in 
itself of what the CANDLER SYSTEM offers you. Find out how 
you can save time and money learning the fundamentals of 


code sending and receiving. Send for FREE Candler Book of 
Facts today. 


P.O. Box 928, Dept. 28, Denver 1, Colorado, U. S. A. 


Or: 52b, Abingdon Rd., Kensington High St., London W.8, England 


rT IT'S FREE! —MAIL COUPON NOW! ———— 


CANDLER SYSTEM CO., Dept. 30, 
P.O. Box 928, Denver 1, Colo. 


Or: 52b, Abingdon Rd., Kensington High St., London W.8, England 
2 Lam a beginner. 


(1 Lam an operator. 


Gentlemen: Yes...I'm interested in the CANDLER Code Training 


System. Please rush my FREE copy of the CANDLER Book of Facts 
today. 


wee w eee e eee eLONG ene eStOtOreeeeee . 


ZB} the ham's favorite supplier”... W TTT IWIN 


= RADIO & TELEVISION CORP. 
e WG (all for Ul : stanaere Radio, TV 
=: ectronic and Sound E vil ment! 
RY) a quip 


Finest Service! Greatest Values / 


* HAM GEAR and’ Supplies. * SUPER-MARKET. Serve Yourself and Save! Thousands 


of Bargains in Standard and Surplus Radio, TV and 
Electronic Items. 
a 


y Oe for RCA 


Complete Stocks of RCA Tubes, Batteries, Parts, Test 
Equipment... Always On Hand for Prompt Delivery! 


ipiebidelity, 
Studios 


/ 


jatest” AN 
Uifully aps 


pa 
ection! “Save 
hi this cane ie 
—. 


Dept. BAA-3 ete 


inl U D S O | 48 WEST 48th ST. 212 FULTON SI. 


RADIO & TELEVISION CORP. |MAAMinaauaenRETES 


IT PAYS TO DEAL WITH WRL 


Any experienced ham will tell you that you'll save time and 

with WRL, one of the world's largest distributors of criblour Foals 
equipment. WRL offers wonderfully liberal trade-in allowances on all ¢: easran 
used equipment—an extremely flexible time payment plan—as little Teor 
down—no interest charges if bill paid within 60 days. NO RED TAPE—all er ae 
arrangements strictly confidential. Special attention given to foreign oa : 
through our special export department. CABLE ADDRESS WRL1. me 


Leo I. Meyerson 
W@GFQ 


165 


NEW WRL wan 
GLOBE CHAMPION 
TRANSMITTER 
More Watts Per Dollar 
R. F. Section a complete 165 | 
walt XMTR. Provisions for ECO. 
Automatic fixed bias on Final 
and Buffer. Class B Speech Mod- 
ulator, 165 watt input — 10 
thru 160 meter bands. 
with tubes, meters, 


NEW WRL 


GLOBE SCOUT 
TRANSMITTER 
(50 Watts Phone—CW) 

A beautiful, compact XMTR, 
completely’ self-contained, 


z including power supply. 
Covers 160M thru 10M. Complete kit includes all parts, 


chassis, panel, power supply, cabinet, tubes, meter and 


one set of coils. $99.95 $89.95 


WIRED KIT FORM 


NEW WRL 400-8 
GLOBE KING 


TRANSMITTER 
More Watts Per Dollar 


Our new, 1953 model is the last 
word in a compact, well engineered 
transmitter—400 watts phone, 435 
watts CW. TVI suppressed. Efficient 
performance on all bands—10 thru 
160. Provisions for ECO or VFO. 
Complete with tubes, meters, and 
one set of coils. 


of coils. tow Down Pay 


Kit Form 93295 


= 
53 


ee ee 


IT’S NEW! iT’ 


Send For Your Copy 


ee 


Contains everything new in 
radio and television. 
packed with bargains. 


Jam- 


LIBERAL TRADE-INS 
LOW DOWN PAYMENTS 
PERSONALIZED SERVICE 


KIT FORM WIRE-TESTED 


$475.00 $495.00 


GIANT RADIO REFERENCE MAP NEW LOG 


listing all FCC re 
quired info. Log with 


pon today Be WRU Globe King and) Globe accommodate 


stations. Front nea 
back covers show 
. - BQ signals, phonet- 
Champion) Transmitters. ic ‘alphabet, and ama- 

- teur intern 


Ho ivetines 2OC 
World Radio Laboratories, Inc. RA-53 


744 West Broadway 
Council Bluffs, lowa 


Please send me: 


Just right for your ~r \ 
control room walls. BOCK 
Approximately 28” 
” . + FP DAL rc fixed 
x36" Contains time Fitions Spirat bills 4 
ing —turns up—les 
BOOOG OGIGUONe , Seo. fiat, Full column 102 
zones, monitoring Signal Corps are now ust 3 | 
stations. Mail cou- ‘ — 


1 Globe Scout Info 
D Globe King Info 


falkNew Lee 899% Octobe Champion Info 
( New Catalog 
5  Redio Map ( Used Equipment List 


rT J Name. 
Address. 
COUNCIL BLUFES, 
LABORATORIES y Towra 


(0 ee 
Ea mA 
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For the EASIEST-WORKING KEY you ever used 


Twice as easy 


CSCC ASK FOR VIB ROPL EX 


World's No. 1 Semi-Automatic Key 


Sends Better 
Sends Easier 
Sends Faster 
Lasts Longer 


Until you've used a Vibroplex 
key you've no idea how easy 
sending can be. Vibroplex 
brings to you the simplicity, 
ease of operation and machine 
speed which makes ke 
pleasure instead of a 
other key gives 
amazing keying performance, 
or is so easy on the arm. Pre- 
ferred by professionals and 
amateurs the world over. 


keying. This k Standard — 
Py arm fatigue and makes key- Black crystal base 
1 Richly finished in polished DeLuxe — 


Polished chromium base and parts, 


K gold-plated base top. It 
: red trim, jewel movement 


who has used one. .§29,95 


Vibroplex model Lightning Bug — 
Has many advanced features which 
contribute to its rema ble ease of 


operation and professional perform- 
ance, Maintains clear, snappy signals 
D at all speeds. A popular choice 
~ Standard $15.95 
DeLuxe 


Vibroplex model Blue Racer — 
Only half the size of the Original, 
yet operates with the same ease and 
perfection as that famous key. 
Weighs 2 Ibs. 8 oz, Occupies small 
space. In high favor with radio men, 


Standard ... $17.95 
DeLuxe ..$22.50 


All Vibroplex keys are available for lefe- 
hand operation, $1.00 more. 


NEW SPECIAL ENLARGED Edition of 


Post 
PHILLIPS CODE $2.00 praia 
PLUS... 
Radio Code Signals United S ye Chart 
International Morse Comm ode 


Code 


\merican Morse 1"Q 
y ancous Abbrevia- 


Russian, Greek, Arabic 

Purkish and Japanese Used on interna- 
" ~, Morse Codes tional wire, submarine 
Vibroplex Carrying: Case — Handsome simulated World Time Chart cable and radiotelegraph 


black moroceo, Cloth-lined. Reinforced corners, circuits 


. zs - | ee eee 
ule leather handle. Keeps key free from dirt 
and moisture, and insu fe len NOL ‘ ~ asy sssioni 
in use. With lock and key $5.75 And no matter what the choice, you get the same easy, professional 


é . ’ semi- 
performance which has made Vibroplex the world’s No. 1 semi 


Avoid imitations! ° ~ ni + 2a G 1 = 
The" BUG" Trade Mark automatic key. Every Vibroplex is designed to a Oa taniey. At 
Genuine Vibroniex. ing standards, and to provide trouble-free long life for the user. / 
Don't settle fora your dealer or ORDER DIRECT. 

substitute 


catalog 


Write for FREE 


Prices subject to change without notice 


THE VIBROPLEX CO., INc., 833 Broadway, New York 3,N. Y. 
4. W. ALBRIGHT, President 


IF YOU TELEGRAPH YOU SHOULD USE A VIBROPLEX KEY 


NOVICE = 
AMATEUR 
ENGINEER 


Write today for your FREE copy 
of this great new book that 
gives you complete details, pic- 
tures, and lowest prices on: 


Amateur Radio 
Antennas 

Audio Amplifiers 
Audio Furniture 
Batteries 

Books 
Capacitors 
Chassis, Racks, 


and Panels 
Chokes 


Clips 

Connectors 
Counter tubes 
Crystals 

Dials and Knobs 
Electric Tools 
Fuses 

Hand Tools 
Headphones 
Hi-Fi Speakers 
Inductances 
Insulation 
Insulators 
Intercoms 

Loud Speakers 
Microphones 
Music Systems 
Noise Filters 

P, A, Equipment 


RADIO SHACK 


CORPORATION 


167 Washington St., Boston 8, Mass. 


EASY TIME-PAY TERMS! | 


-—— 


‘YOU NEED THIS 


Phono Needles 
Phono Pickups 
Pilot Lights 
Plugs and Jacks _ 
Power Supplies 
Radio Hardware ~ 
Radio Sets or: 
Radio Tuners = 
Receiving Tubes + 
Record Changers 
Rectifiers 

Relays 

Resistors 

Sockets 
Soldering Equipment 
Special-purpose Tubes 
Switches 

Tape, Wire, Discs 
Tape Recorders 
Telegraph Keys 
Terminals 

Test Equipment 
Transformers 
Turntables 

TV Replacements 

TV sets 

Vibrators 

Voltage Controls 
Wire 


MAIL 


orver CATALOG 


Please send me your new catalog No, 53 RA 


[~~ | 


adic l: 
904 BROADWAY, ALBANY 4,N. Y.,U. 
AMATEUR HEADQUARTERS 


EORT ORANGE 


Precise Selectivity—The S-76—Double 
conversion with 50 ke 2nd i-f. 4-in. “S” 
meter. 540-1580 ke, 1.72-32 mc in 4 
bands. 1 r-f, 2 converters, 2 i-f stages. 
5-position selectivity. Phono input jack, 
3 watt output. 115 V. AC, 9 tubes, regu- 
lator, rectifier . . . « » $179.50 


ersion set, 
ke to 34 me, 
55 me band. 


y. 115 V. AG, 
- $224.5¢ 


The Finest Buy in SW!—The S-38C— 
Best performance per dollar! 540 kc to 
32 mc in 4 bands, Maximum sensitivity 

per tube—far outperforms ordinary sets. 

Built-in speaker. 115 V. AC or DC. 4 { 
tubes plus rectifier . . . » $49.50 bathtal 


Low Price—High Performance! —S40B 
—540 ke to 43 mc in 4 bands. Electrical 
band spread. Temperature compensated. 
1 r-f, 2 i-f. 3 watt output. Built-in 
speaker. 115 V. AC only, 7 tubes, plus 
rectifier. (S-77 —same as S-40B, for 115 
Y¥.ACorDC). . . .« . $119.95 


RADIO DISTRIBUTING COMPANY 
Fou 904 BROADWAY, ALBANY, N. Y. 
TELEPHONE ALBANY 5-1594 
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Learn Code the EASY Wa 


Beginners, Amateurs and Ex- 

perts alike recommend the 

INSTRUCTOGRAPH, fo learn code 
and increase speed. 


Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex- 
aminations, and to increase your words per 
minute to the standard of an expert. The 


Government uses a machine in giving 
examinations. 


Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen- 
tary, words, messages, plain language and 
coded groups. Also an “' Airways”’ series for 
those interested in Aviation. 


MAY BE PURCHASED OR RENTED 
The INSTRUCTOGRAPH is made in sev- 


eral models to suit your purse and all may 
be purchased on convenient monthly pay- 
ments if desired. These machines may also 
be rented on very reasonable terms and if 
when renting should you decide to buy the 
equipment the first three months rental 


may be applied in full on the purchase 
price. 


ACQUIRING THE CODE 


Tt is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to “Acquire 
the Code,” or, in other words, learn teleg- 
raphy either wire or wireless. The In- 
structograph supplies this ninety per cent. 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster, until 
one is just naturally copying the fastest 
sending without conscious effort. 


BOOK OF INSTRUCTIONS 


Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph’s “Book of 
Instructions” does. It supplies the remain- 
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few ‘short cuts’ known to experi- 
enced operators, that so materially assists 
in acquiring the code in the quickest pos- 
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 


On ee SOMONE AE Be DOPOD DORA 
MACHINES FOR RENT OR SALE 
aaa NITRO 


ACCOMPLISHES THESE PURPOSE 


oo 


FIRST: It teaches you to receive telegrap 
words and messages. 


ks 


hk symbols, 


SECOND: It teaches you to send perfectly. 


THIRD: It increases your speed of sending and 
receiving after you have learned the code. 


With the Instructograph it is not necessary to impose 
on your friends. It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as tc 
the beginner who wishes to obtain his amateur license 


Postal Car 


WILL BRING FULL PARTICULAR: 
IMMEDIATELY 


THE INSTRUCTOGRAPH CO. 


4705 SHERIDAN ROAD 


CHICAGO 40, ILLINO! 


7 


ONLY 


pining, 


A 


YES, ID LIKE \ MOM SAYS 
TO BUILD A I HAVE TO 
GEE I wish \ RIG AND PAY FOR 


I COULD GET | SAVE THE 
STARTED LIKE | DIFFERENCE / OF MY } Vy 
TED L ALLOWANCE\HIS OWN RIG sF857/ Ainrsiineane 


(A > 


MY DAD! [D &) 
2 Sf\ "ANSWERS TO 
THESE PROBLEMS 


GN 
SS 


Follow ARRL Handbook Circuits and be Right. 
fnis complete Novice Station Offered with Some Slight 
Modification ¢ ili Parts. 

Modification to Insure Availability of Parts RAEI Er 
Transmitter Kit. 
Complete with 

tubes and crystal, 
less key. 
Only $17.31 


brord new Walter Ashe exclusive that's bound fo win praise 
ery Novice who wants to “get on the air” at lowest cost, Think 
: Y e (1) A 25 watt transmitter kit, (2) A receiver kit with 
60 dial n bend-spread on the Novice band (3) One power snp- 
ply kit that operates both receiver and transmitter—all for the amaz- 
ing low price of $44.95, Features of this complete Novice Station include: 


© Only standard parts used excellent keying and minimum — wap _o5 Novice 


@ Regulcted voltage gives receiver strain on crystal Ren KING 
Unusual stcbility © Pi section transmitter output works i ith ° b 
with any length of wire for antenna plete with tube. 


© Two sloce transmifter, 25 walts in- 
Put fo final amplifier @ TVi minimized by thorough by-pass- Only $13.41 
@ GAG7 crysic! oscillotor neled for ing and use of shielded powerleads 


20 don't delay. Be the first in your area to own and operate this WAP-25 Novice 
well rig. Wire, write, phone or use handy coupon below. Station Power 
Supply. Complete 


All prices F. O. B. St, Louis © Phone CHestnut 1125 
with tubes. 


pieieieteielete ttt et Only $14.23 
‘ Pri ibject to change 
WALTER ASHE RADIO Co. LM-53 0 srCes SCS es ng 
1125 Pino St., 51. Louis 1, Mo. 1 without notice. 

1 ~~ Send for free circular describ- 


CO Enclosed is remittance of § Send. Novice Kits. 0 ing Walter Ashe Novice Kits. 
Free catalog. Send for 


0 Rush free Novice Kit circular. 
your copy today! 


O Send free catalog. 


o Moil free list of used, reconditioned, “good-as-new” Ham 
equipment. 


Address. 


RADIO CO. 
1125 PINE ST.« ST. LOUIS 1, MO. 
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Finally! No More TV Harmonic Probleme! 


Velie the news you’ve been 
: waiting for—a medium power 
: transmitter (100 watts) that solves 
the problem of harmonic radiation 


in the television channels. The 
Hallicrafters HT-20 is the answer. 
Completely tested in the lab and in 
the field, here is a transmitter that 
is truly T. V. I. Suppressed.* 

This is not simply a revamped 
design, but completely new cir- 
cuitry to meet this problem. Physi- 
cally, too, the entire transmitter is 
new from the massive, two-piece, 
completely rigid chassis to the 
electrical air cooling system of the 
final amplifier tube. 

See this newest Hallicrafters~ 
get the complete story of the finest 
transmitter, dollar for dollar, on 
the market today. Or write Halli- 
crafters direct for full details, 


Check these features! 


© 100 watts carrier power with high 
level (Class AB2) modulation on any 
band. 

© Continuous coverage, with overlap= 
ping bands, from 1.7 to 30 mc, 

© Compact, efficient design. Amazing 
for its power. The HT-20 is 20)" 
long, 1134” high and 1634” deep. 

© Weight of transmitter, in cabinet, 105 
pounds, 

® All transformers and chokes operate 
“cool—maximum temperature rise of 
40 degrees, This means fewer replace- 
ments, long operating life. 

© Operates equally well from relay rack 
or in cabinet on table top. 

© Uses 117 volts, 60 cycle AC, 

® Moderate cost. 


ch tT Vv.1 SUPPRESSED—means that this transmitter 
has circuitry specifically designed to eliminate 
Spurious and harmonic energies that result in 

~ television interference, 


